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oday,almostabillionpeopleliveinabsolutepovertyand
sufferfromchronichunger.Seventypercentoftheseindi-
vidualsarefarmers—men,women,andchildren—whoekeouta
livingfromsmallplotsofpoorsoils,mainlyintropicalenviron-
mentsthatareincreasinglypronetodrought,flood,bushfires,
andhurricanes.Cropyieldsintheseareasarestagnantandepi-
demicsofpestsandweedsoftenruincrops.Livestocksufferfrom
parasiticdiseases,someofwhichalsoaffecthumans.Inputssuch
aschemicalfertilizersandpesticidesareexpensive,andthelatter
canaffecttheheal thoffarmfamilies,destroywildlife,andcon-
taminatewatercourseswhenusedinexcess.Theonlywayfami-
liescangrowmorefoodandhaveasurplusforsaleseemstobeto
clearmoreforest.Olderchildrenmovetothecity,wherethey,
too,finditdifficulttoearnenoughmoneytobuythefoodand
medicinetheyneedforthemselvesandtheiryoungchildren.
Asthesedetrimentalsocialandenvironmentalchangesare
occurringinthedevelopingworld,arevolutioninbiotechnology
andassociatedinformationtechnologyisimprovingthehealth,
well-being,andlifestyleoftheprivilegedan dcreatingmore
wealthinafewrichcountries.Canthisrevolutionalsobehar-
nessedtoservethefoodandnutritionneedsoftheworld'spoor?
Whataretheopportunities,problems,andrisksinvolvedwith
thenewtechnologiesandcantheybemanaged?Thelastques-
tionisparticularlypressinginlightofthecurrentcontroversy
betweentheUnitedStatesandtheEuropeanUnionovergeneti-
callymodifiedfoods.Thebenefitsandrisksofbiotechnology
weighdifferentlyforfoodinareasoffoodsurplusthantheydo
forlife-threateningdiseasesinthosesameareas.
In1998theglobalmark etforbiotechnologyproducts(seebox
fordefinitionofterms)totaledatleastUS$13billion.About80
products,mostofthemmedicallyrelated,areonthemarketor
nearlyreadyforit.Inrecentyears,thefruitsoftwodecadesof
intensiveandexpensiveresearchanddevelopment(R&D)in
agriculturalbiotechnologyhasbeguntopayoff.Approximately
28millionhectaresoflandwereplantedwith40transgeniccrops
in1998.Mostofthesecropswerenewvarietiesofcotton,corn,
soybean,andrapeseed.Developingcountriesheld15percentof
theareaplantedwiththetransgenicvarietie s.
Mostbiotechnology-basedsolutionsforagricultureare
likelytobedeliveredintheformofnewplantseedsornew
strainsoflivestock.Thesesolutionscontinuethetraditionof
selectionandimprovementofcultivatedcropsandlivestock
developedoverthecenturies.Thedifferenceisthatnewgene
technologyidentifiesdesirabletraitsmorequicklyandaccu-
ratelythanconventionalplantandlivestockbreeding.Modern
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biotechnologycanalsointroducethegenesthatcontroldesirable
traitsintoplantandanimalstrainswithfargreaterprecisionand
controlthancanconventionalmethods.
Biotechnologyapplicationsinagricultureareintheirin-
fancy.Thefirstgenerationofgeneticallyengineeredplantvari-
etieshavebeenmodifiedonlyforasingletrait,suchasherbicide
toleranceorpestresistance.Therapidprogressbeingmadein
genomicswilltransformplant,tree,andlivestockbreedingas
thefunctionsofmoregenesareidentified.Breedingforcomplex
traitssuchasdroughttoleran ce,whichiscontrolledbymany
genes,shouldthenbecomecommon.Thisisanareaofgreatpo-
tentialbenefitfortropicalcrops,whichareoftengrowninharsh
environmentsandonpoorsoils.
Todetermineifmodernbiotechnologycanbenefitthepoorin
developingcountries,policymakersatthenational,regional,and
internationallevelsneedtoanalyzetheproblemsthatarecurrently
constrainingagriculturalproductivityordamagingtheenviron-
ment,assesswhethertheseproblemsmaybesolvedbyintegrating
modernbiotechnologywithconventionalR&D,andprioritize
solution s.Thismayseemself-evidentbutsuchstrategicanalyses
areindispensableforanticipatingthepotentialbenefitsandrisks
thatmayarisewhileusingmodernbiotechnologytosolvespecific
problems.Inadditiontoanalyses,bothpublicandprivate
Biotechnologyisanytechniquethatuseslivingorganisms
orsubstancesfromthoseorganismstomakeormodifya
product,improveplantsoranimals,ordevelopmicroor-
ganismsforspecificuses.Thekeycomponentsofmodern
biotechnologyare
Genomics:themolecularcharacterizationofallspecies;
Bioinfomatics:theassemblyofdatafromgenomic
analysisintoaccessibleforms;
Transformation:theintroductionofsinglegenes
conferringpotentiallyusefultraitsintoplant,livestock,
fish,andtreespecies;
Molecularbreeding:theidentificationandevaluationof
desirabl etraitsinbreedingprogramswiththeuseof
marker-assistedselection;
Diagnostics:theuseofmolecularcharacterizationto
providemoreaccurateandquickeridentificationof
pathogens;
Vaccinetechnology:useofmodernimmunologyto
developrecombinantDNAvaccinesforimproving
controloflethaldiseases.
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VISION 2OresourcesforR&Dneed
tobemobilizedifthepoor
indevelopingcountriesareto
profitfromthegeneticrevolution.
Modernbiotechnologywillnotsolveall
theproblemsoffoodinsecurityandpoverty.
Butitcouldprovideakeycomponenttoa
solutionifgiventhechance,andifsteeredbyaset
ofappropriatepolicies.Thesepoliciesshouldguide
(1)increasedpublicinvestmentsinR&D,includingthat
inmodernbiotechnology;(2)regulatoryarrangementsthat
informandprotectthepublicfromanyrisksarisingfromthe
releaseofgeneticallymodifiedorganisms(GMOs);(3)
intellectua lpropertymanagementtoencouragegreaterprivate-
sectorinvestment;and(4)regulationoftheprivateseedand
agriculturalresearchsectortoprotecttheinterestsofsmall
farmersandpoorconsumersindevelopingcountries.
Pro-poorpoliciescanhelpexpand
agriculturalR&D,includingtraditionalandmodernbiotechno-
logicalresearch,inordertosolveproblemsofparticular
importancetothepoor.Theproblemsoforphancommodities
(importantsubsistencefoodand/ortropicalexportcommodities
thatholdlittlecommercialinterestfortheprivatesector)require
parti cularattention.Giventhehighratesofreturn,morepublic
supportforagriculturalR&Dshouldbeencouragedinmost
developingcountries.Additionalpublicfinancialsupportfor
R&Datthenational,regional,andinternationallevelswould
helptodeveloppublicgoodsthepoorcanafford.
Thetermbiosafetydescribesasetofmeasures
usedtoassessandmanageanyrisksassociatedwithGMOs.
Suchrisksmaytranscendorbeinherentinthetechnologyand
needtobemanagedaccordingly.Technology-transcendingrisks
emanatefromthepoliticalandsocialcontextinwhichthe
technolog yisused.Theyincludeconcernsthatbiotechnology
mayincreasetheprosperitygapbetweentherichandthepoor,
andmaycontributetoalossofbiodiversity.Ethicalconcerns
aboutpatentinglivingorganismsandmovinggenesbetween
speciesalsofallintothiscategory.
Theprinciplesandpracticesforassessingandmanaging
technology-inherentrisksarewellestablishedinseveral
countries.Theytakeintoaccountthenatureoftheorganism,the
familiarityoftheproduct,anydistinguishingfeaturesofthe
processbywhichaproductwasproduced,andtheenvironment
intowhichi twillbeintroduced.Ascience-basedassessmentof
thesefactorsonacasebycasebasis,andidentificationofany
concernsexpressedbystakeholders,enableregulatorstofindout
whatrisksmaybeassociatedwithaparticularproductandto
makeappropriaterecommendations.Aregulatorysystemthat
enjoystheconfidenceofthepublicandthebusinessandfarming
communitiesisessentialfortheeffectiveuseofbiotechnology.
Thecurrentandproposedinternationalagreementsthatgovern
movementsofGMOsalsocontributetobiosafety.
Thepurposeof
intellectualpropertymanage mentistoprotectlocalinventions
andenableaccesstotechnologiesdevelopedelsewhere.Trade-
relatedintellectualpropertyrights(TRIPs)areamatterof
ongoingconcernwithintheWorldTradeOrganization.The
presentpatentsystemfavorsthosecountriesthathaveastrong
innovationbase.Despitemucheffort,nosatisfactorysystem
existstorecompensetraditionalownersandimproversof
germplasm.Thelackofintellectualpropertyprotectionalso
constrainsprivate-sectorinvestmentindevelopingcountries.
Theparticipationoftheprivatesectoris
criticaltothed evelopmentanddeliveryofnewbiotechnology
products.Theenablingenvironmenttoencourageprivate-sector
participationincludesaregulatorysystemthataccurately
informsthepublicofthebenefitsandrisksinvolvedintheuseof
newtechnologies;alegalframeworkforprotectingintellectual
property;adequateinfrastructureforpower,transport,and
telecommunications;afairtaxsystemandinvestmentincen-
tives;askilledworkforce,includingawell-supporteduniversity
sector;publicfundingforR&D;andincentivestoestablish
innovativepublic-privatecoll aborationandjointventuresatthe
nationalandinternationallevels.
Thesuccessfulapplicationofmodernbiotechnologytothe
problemsthatcauseundernourishmentandpovertycouldbe
calledabiosolution.Thedeliveryofnewbiosolutionstothe
problemsoffoodsecurityandpovertywillrequirecontinual
policydevelopmentandactionsatthenational,regional,and
internationallevels.Theseeffortswillinvolvethefollowingfive
areas:(1)determiningprioritiesandassessingrelativerisksand
benefitsinconsultationwiththepoor,whoareoftenoverlooked
whileother sdecidewhatisbestforthem;(2)settingpoliciesthat
benefitthepoorandthatminimizetechnology-transcending
risksthatadverselyaffectthepoor;(3)establishinganenviron-
mentthatfacilitatesthesafeuseofbiotechnologythrough
investment,regulation,intellectualpropertyprotection,and
goodgovernance;(4)activelylinkingbiotechnologyand
informationtechnologysothatnewscientificdiscoveries
worldwidecanbeassessedandappliedtotheproblemsoffood
insecurityandpovertyinatimelymanner;and(5)determining
whatinvestmentsgovernmentsandthei nternationaldevelop-
mentcommunitywillhavetomakeinhumanandfinancial
resourcesinordertoensurethatbiosolutionstotheproblemsof
foodsecurityreachthepoor.
POLICYFRAMEWORK
.
.
.
.
DELIVERINGSOLUTIONSFORTHEPOOR
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iotechnologycanmakelifebetterforthepoorindeveloping
countriesbyproducinghigherthanusualyieldswithless
inputs,higheryieldsinawiderrangeofenvironments,better
rotationstoconservenaturalresources,andmorenutritious
harvestedproductsthatkeepmuchlongerinstorageand
transport.Improvedanimalscanresistdiseasesmoreeffectively,
havecarcassstructuresthatcarryhigherweightssafelyand
healthily,havemoreefficientweightgains,andofferbetter
qualitymeatandotherproducts.
Becauseplantsandanimalsevolvetofittheirenvironment,
andno ttoservehumanneeds,menandwomenhavepracticed
breedingandselectionsincetheearliesttimestoproducemore
usefulstrainsofplantsandanimals.Thedeploymentofnew
genesandcombinationsofgenes,therefore,isandalwayswillbe
thebasisforplantandanimalimprovement.Logically,the
scientificcaseforusingthenewgenetechnologytoimprove
plantsandanimalsisoverwhelming.Thisimprovementprocess
needstocontinueinordertosustaintoday'sandtomorrow's
worldinwaysthatachievegreaterbenefitsandcauselessharm
totheplanet'sresources.
Theapplicationofb iotechnologyresearchtoagricultureisinits
infancy.However,theincorporationofnovelgeneshasalready
producedplantsthataremoretoleranttodroughtandsalt
stresses,toxicheavymetals,andpestsanddiseases.Seedswith
greaternutritionalvaluehavebeenproducedbyincreasingthe
levelsofessentialaminoacids,vitamins,andbioavailableiron.
Geneticalterationshavereducedoverripeningandpostharvest
lossesoffruits.Giventimeandresources,thepotentialfor
improvingallcropsthroughthesemethodsisenormous.The
impactofbiotechnologyonfoodproduct ion,postharvestlosses,
andthenutritionalvalueoffoodcouldimprovethelivelihoodsof
millionsofpoorpeople(seetable).
Butjustaswithnaturalevolutionandbreedingthroughthe
ages,genechangesthroughbiotechnologycanproduceproblems
aswell.Breedingtoimproveonecharacteristiccanhavenegative
effectsonanother.Breedingalsomodifiestheconcentrationof
beneficialorharmfulingredients,becauseitchangestheinternal
chemistryoforganisms.Commongenesinourcultivatedcrops
couldbecomemorecommonplaceinwildrelativesbyoutcross-
ingandsubseque ntselection,leadingtopossibledisturbanceof
existingecosystems.Newplantsoranimalsmaygenerate
husbandrypracticesthatdamagetheenvironment.Newstrains
couldreducebiodiversityinagriculture.
Thesesortsofissuesarewellknowntobreedersandfarmers
allovertheworld.Theyareincreasinglybecomingamatterof
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BetacaroteneenrichmenttocorrectvitaminA
deficiency
Morenutritiousoils,starches,andaminoacids
Betterfattyacidprofiles
Betterdigestibilityforanimals
Delayedoverripeningoffruitsandvegetables
Bacterialandfungaldiseaseresistance
Insectresistance
Virusresistance
Salttolerance
Aluminiumandmanganesetolerance.
Source:Salamini1999(seesuggestionsforfurtherreading).
EWALREADYAVAILABLETRAITSTHATCOULD
HELPFOODPRODUCTIONINTHEPOOREST
COUNTRIESIFTRANSFERREDINTOTHEIRCROPS
N,
publicdebateinmanycountries.Thebenefitsandrisksassociated
withimprovedplantsandanimalsarefrequentlyperceived
differentlyfromplacetoplace.Localdecisionsshouldprevailbut
beconsistentwithgloballyaccepted,science-basedcriteriaand
internationalagreements.Mostcurrentdiscussionsaboutthe
benefitsandrisksofthenewgenetechnology,however,arebased
onthefirsttransgeniccropsoftoday.Instead,astrategic,long-
termviewofneedsandopportunitiesisrequiredthatlooks
beyondtheseinitialproducts.Relevantscientificknowledgeand
under standingandthegenesavailabletomeetneedsareevolving
rapidly.Soonthescientificbaseunderpinningplantandanimal
breedingwillbeextraordinarilydifferentfromthatofthepast.
WithinthenextyearthefullDNAsequenceofeverygene
requiredtoproduceaplantwillbecomeknownasaresultofa
largeinternationaleffort.Thiswillbeahistoriclandmarkfor
cropbreeding.Asanextstep,scientistswillinterpretgene
structuresandpatternsofexpressionineachorganism.This
integratedknowledgeoflargenumbersofgenesiscalled
genomics.Onceagenehasbeenidentifiedi nonespeciesits
functionalrelativecanbefoundinotherspeciestoaidbreeding
ofanycrop.Descriptionsofthehumanandmousegeneswill
serveasmodelsforfarmanimals.
Themeansofinsertingnewgenesintoplantshasbeen
demonstratedforalargenumberofspecies,includingseveralof
THENEWGENOMICS
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VISION 2Otheworld'smajorcropspecies.
Althoughtheprocedureisstill
inefficientandexpensiveformany
species,stablevarietiesofsoybean,
maize,canola,andpotatoarenowinlarge-
scaleagriculturalproduction.Thetechnical
hurdlesclearlyarenotinsurmountable.Creating
transgenicplantswithlargenumbersofnovelgenes
maynotbeeasy,buttheconsiderablebenefitsversus
risksprovideincentivesforcontinuedresearch.
Knowingthesequencesofmostgenesinaplantoranimal
chromosomeandthechromosomalsegmentscontainingthemis
openingupnewopportunitiesfordetermi ningandmanipulating
thegeneticvariantspresentinaparticularstrain.Butthisnew
technologywillproveusefultoplantimprovementonlyifitis
integratedintoplantbreedingprocedures.Breedingprogramsin
thedevelopingworld,therefore,willneedtoabsorbthistechnol-
ogyviaintegratedlinkswithpublicandprivateinstitutionsthat
haveshownsuccesswiththenewmethods.Theinternational
agriculturalresearchcentershavebeguntostimulatethecreation
ofsuchlinksforcropsproducedbythepoor.
Genomicdatabasesforsomeofthemajorcropsofthedevelop-
ingworl d—maize,wheat,rice,andsoybean—arebeing
developedrapidlyandcompetitivelyinthepublicandprivate
sectorsoftheNorthtomakeimprovedcultivars.Howandwhen
canallthisknowhowandimprovedgermplasmbemade
availabletothedevelopingworld?Thereisnosimpleanswerto
thisquestion,justassimilarquestionsaboutdiffusionof
technologyandknowhowhavehadnosimpleanswersinthe
past.Asalways,theanswersdependonahostoflocalcircum-
stances,institutions,attitudes,andfinance.Manydeveloping
countrieshavestartedprogramstobenefitfromthenewgene
techno logy.Governments,philanthropicagencies,andthe
privatesectorarefundingtechnologytransferinitiatives.The
institutesoftheConsultativeGrouponInternational
AgriculturalResearcharealsoplayingarole.New,multifaceted
approachestotechnologytransferurgentlyneedtobedeveloped
toreflecttheproprietarynatureofsomeofthistechnology.Such
approachesshouldbedrivenbytheneedsofthepoor,whenever
benefitsaregreatestandriskslow.
Genesandgenecombinationsselectedinthepastinnatureand
byhumanswillremainthevitalsourceofgermplasmimprove -
ment.Theymustbeconservedinseedbanks,butalso
whenpossibleandstrategicallyessential.Genomicscanplaya
keyroleinconservationbecauseitcandeterminewhichgenes
andchromosomesegmentsareduplicated,whichareunique,
andhoweasyitwillbetorecreatethevariouscombinationsof
chromosomesegmentsinmodernbreedingprograms.
Genomics,therefore,needstobeappliedonalargescaleto
germplasmcollections.Andasthetechnologybecomesfaster
andcheapertouse,new,long-terminternationalinitiatives
involvingthepublicandprivatesectorsarerequiredtoge nerate
theappropriateknowledgedatabases.
Plantandanimalbreedingwillbecomeincreasinglyintegrated
programsofthelifeandsocialsciences.Thelifescienceswillbe
basedonhugedatabasesofgenesandthepracticalknowledgeof
howtoanalyzeandchangetheirpresence,activity,androlein
wholeorganisms.Thisextraordinaryrevolutioninthewaysof
understandinggermplasm,coupledwiththemeansofmaking
additionsandchangestoplantandanimalgenomes,canand
shouldhavealargeimpactontheeffortstoimproveplantsand
animalsforfoodproduction.
Thegatheringandp rovisionofsomuchsophisticated
informationincomputerizeddatabases,byboththeprivateand
publicsectors,andthepatentingofgenesandgermplasmrequire
anewparadigmforusingbiotechnologytoimprovegermplasm,
especiallyinthepoorcountrieswherefoodneedsaremost
urgent.Thisparadigmrequirespublicandprivatepartnerships
amongadvancedgenomicsspecialists,breeders,andscientists
knowledgeableaboutthegermplasmuponwhichtheworld
dependsforfood.Thefruitsofsuchpartnershipsshouldserve
environmentalsustainabilityandtheneedsofdiversecons umers,
withallrelevantgroupsplayingaroleasstakeholders.
Internationalagreementsandaneffectiveregulatoryframework
forthevalidationofnewstrainsforagricultureareurgently
needed.Thebenefitsandrisksassociatedwitheachproductneed
tobeevaluatedlocallyandinthecontextofglobalstandards.
Althoughdebatescontinuetoflairinthemediaaboutthe
contributionthatbiotechnologyshouldmaketoourcropsand
livestock,theyareoftenfueledbyerrorsoffactandpolitical
agendashavinglittletodowiththeneedsofagriculture,the
environment,andthepoorp eoplesoftheworld.Thefeatures
andlimitationsofcurrentbiotechnologyproductsandsystems
alsotendtodistortthedebate.Discussionsshouldrevolve
aroundalong-termstrategicviewbasedonwhatthetechnology
candeliverandwhattheneedsoftheworldwillbeoverthenext
millennium.Itwouldbeunethicaltocondemnfuturegenera-
tionstohungerbyrefusingtodevelopandapplyatechnology
thatcanbuildonwhatourforefathersprovidedandcanhelp
produceadequatefoodforaworldwithalmost2billionmore
peopleby2020.
SecuringtheBenefitsofGenomicsforDevelopingCountries
GermplasmConservation
insitu
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uppliesoflivestockproductsindevelopingcountriesmust
increasetomeetgrowingdemandfromburgeoningpopula-
tionsandrapidurbanization.Becauseofcompetitionforlanduse,
thenecessarygrowthinlivestockoutputwillhavetocomein
greatpartfromimprovementintheefficiencyofproduction
systems.Diseaseisoneofthemajorfactorscontributingtopoor
livestockproductivityindevelopingcountries.Thisisparticu-
larlytrueforSub-SaharanAfrica,whereanimallossesdueto
diseaseareestimatedtobeUS$4billionannually,approximately
aquarterofthetotalvalu eoflivestockproduction.Tsetsefly-
transmittedtrypanosomosisandtick-bornediseasesarethemost
importantlivestockdiseaseproblemsinthisregion.Therapeutic
agentsareavailableforsomeofthesediseases,butproblems
remain.Chemotherapy,forexample,isimpracticalasaprimary
meansofdiseasecontrol,becausecostsarehighandintensive
applicationcancreatedrug-resistantorganisms.Controlling
arthropodvectorstopreventdiseases,particularlytick-borne
diseases,hasproveddifficulttosustainbecauseofcost,theneed
forwell-developedinfrastruc ture,andtheemergenceofresis-
tancetothechemicalsused.Vaccinationoffersapotentiallymore
effectiveandsustainablemethodofdiseasecontrol.
Vaccinesdevelopedusingtraditionalapproacheshavehada
majorimpactonthecontroloffoot-and-mouthdisease,rinder-
pest,andotherepidemicviraldiseasesthataffectlivestock.But
therearemanyotherimportantdiseases,notablyparasitic
diseases,forwhichattemptstodevelopvaccineshavebeen
unsuccessful.Rapidadvancesinbiotechnologyandimmunology
overthelasttwodecadeshavecreatednewopportunitiesto
de velopvaccinesforparasiticdiseases.Initialoptimisminthe
early1980sthatvaccineproductswouldquicklyemergefrom
applicationsofrecombinantDNAtechnologyhasnotbeenfully
realized.Subsequentexperiencehasdemonstratedthat,unlike
traditionalapproachestovaccinedevelopment,effective
exploitationofrecombinantDNAtechnologyrequiresknowl-
edgeofthetargetpathogensandtheimmuneresponsesthey
induce,andanunderstandingofhowimmuneresponsescanbe
manipulated.Sincetheearly1980saseriesoffundamental
discoveriesinimmunologyhaveledtoade tailedunderstanding
ofhowtheimmunesystemprocessesandrecognizespathogenic
organisms,andthedifferentwaysthatimmuneresponsescontrol
infections.Thisnewknowledgeisdirectlyrelevanttoallstagesof
vaccinedevelopment,fromidentificationofthegenesorproteins
thatneedtobeincorporatedintoavaccine,tothedesignofa
vaccinedeliverysystemthatwillinduceaparticulartypeof
OPPORTUNITIESPRESENTEDBYNEW
BIOTECHNOLOGYANDIMMUNOLOGY
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immuneresponse.Theseadvances,coupledwithfurther
developmentsintheapplicationofDNAtechnology,now
provideastrongconceptualframeworkfortherationaldevelop-
mentofnewvaccines.
Twomainapproachesarebeingpursuedtodevelopvaccines
usingrecombinantDNAtechnology.Thefirstoftheseinvolves
thedeletionofgenesthatdeterminevirulenceofthepathogen,
thusproducingattenuatedorganisms(nonpathogens)thatcanbe
usedaslivevaccines.Withcurrenttechnology,thisstrategyis
moreappropriateforviralandbacterialdiseasesthanfor
parasites.Attenua tedlivevaccineshavebeendevelopedforthe
herpesvirusesthatcausepseudorabiesinpigsandinfectious
bovinerhinotracheitisincattle.Anumberofcandidate
vaccineshavealsobeenproduced.
Thesecondstrategyistoidentifyproteinsubunitsof
pathogensthatcanstimulateimmunity.Thisisthepreferred
approachtomanyofthemorecomplexpathogens.Itrequires
knowledgeoftheimmuneresponsesthatmediateimmunity.This
knowledgehelpsidentifytherelevanttargetproteins.The
strategycanbeillustratedbytheapproachtheInternational
LivestockResearchInstitute( ILRI)(incorporatingtheformer
InternationalLaboratoryforResearchonAnimalDiseases)took
todevelopavaccineagainst,theparasitethat
causesEastCoastFeverincattleinAfrica.Studiesofimmune
responsestotheparasitehaverevealedantibodyresponsestothe
tick-derivedinfectivestageoftheparasite,aswellascell-
mediatedimmuneresponsesagainsttheparasitestagesthatreside
withincattlecells.Aparasiteproteinrecognizedbytheantibody
responseandthecorrespondingparasitegenehavebeenidenti-
fied.Proteinexpressedfromthisgene,whenusedtovacc inate
cattleunderexperimentalconditions,hasbeenshowntoprotecta
proportionofanimalsagainstparasites.Identificationofthe
parasiteproteinsrecognizedbythecell-mediatedimmune
responsespresentsagreaterchallenge,butanumberofrecently
developedmethodologiesforthispurposearenowbeingapplied
totheproblem.Itisworthemphasizingthatthesenovelap-
proachestodevelopavaccineforEastCoastFeverwouldnot
havebeenpossiblewithoutthestrategicresearchthathadbeen
devotedtounderstandingtheimmunologyofthedisease.
Anadditionalnovelstrate gydevelopedtovaccinateagainst
blood-suckingparasitesinvolvestheuseofcomponentsofthe
gutwalloftheparasitesthatarenotusuallyexposedtothehost’s
immunesystem.Antibodiesinducedbythevaccineareingested
bythetickduringfeeding,causingdestructionofthegutwall
USEOFBIOTECHNOLOGYTODEVELOP
CANDIDATEVACCINES
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CONCLUSION
Thetick-borneparasiticandbacterialdiseases(theileriosis,
heartwater,babesiosis,andanaplasmosis)thataffectcattlein
tropicalandsubtropicalregionsconstituteamajorfocusfor
vaccinedevelopmentbecauseoftheirsubstantialimpacton
livestockproduction.Earlyobservationsshowedthatanimalsthat
recoveredfromthesediseasessubsequentlyremainedimmune.
Thesefindingsencouragedtheviewthatvaccinationshouldbe
possible.Indeed,variousprotocolsforvaccinatingwithlive
organisms(eitherwithattenuatedorganismsorbyinfectionand
treatment)w ereshowntobeeffectivefortheileriosisand
babesiosis,buttheiruseindevelopingcountrieswaslimited
becauseofthecomplexinfrastructurerequiredtoproduceand
distributeliveparasites.Althoughnewvaccineshavenotyetbeen
producedforthesediseases,encouragingprogresshasbeenmade
inidentifyingnewcandidatevaccines.Therecentdevelopmentof
anefficientculturesystemfor,the
bacteriumthatcausesheartwater,hasledtoimmunization
experimentswithinactivatedbacteriathathaveyieldedpromising
results.Aproteinfromtheinfectivestageofthe
parasi tehasalsobeenshowntohaveprotectiveproperties,and
advancesinunderstandingoftheimmunologyofthisparasite
haveledtothedevelopmentofscreeningprocedurestoidentify
proteinsrecognizedbyprotectivecell-mediatedimmune
responses.Proteinsfrombothstagesoftheparasitewillprobably
needtobeusedtoproducearobustvaccineagainstEastCoast
Fever.Similarstudiesoftheimmuneresponsesofcattletothe
organismscausingbabesiosisandanaplasmosishaveresultedin
theidentificationofanumberofproteins,someofwhichgive
protectionunderexperimentalco nditions.
Thereisgoodreasontobelievethatvaccineswillbeproduced
againstsomeorallofthemajoranimaldiseases,giventhe
necessaryscientificandfinancialresources.However,the
complexityoftheproblemsthatarebeingaddressedshouldnot
beunderestimated.Theopportunitiespresentedbyadvancesin
biotechnologycanonlybeexploitedeffectivelyifthereisa
thoroughunderstandingofthebiologyofthetargetpathogens
andthediseasestheyproduce.Suchanapproachrequires
substantialinvestmentinstrategicresearch.Forunderstandable
reasons,currentfundi ngpolicyinthedevelopingcountries
stronglyemphasizestacklingtheproblemsthatwillyield
practicalbenefitintheshortterm.Indeterminingfuturepolicy,
policymakersandfundingbodiesmustnotlosesightofthe
substantialbenefitsthatcanbegainedinthelongertermby
investinginstrategicresearchonvaccinedevelopment.
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anddeathoftheparasite.This
strategyhasbeenusedsuccessfullyto
developavaccineagainsttheone-host
tick.
Recentrapidadvancesinpathogen-genome
sequencingpromisetobeofenormousbenefit
fordevelopingattenuatedpathogensandfor
identifyingproteinssuitableforuseasvaccines.
Completegenomesequencesarenowavailablefora
growinglistofhumanbacterialpathogens.Completionof
thesequencesofthehumanmalariaparasite,
,isexpectedwithinayear.Thesedevelopmentswill
undoubtedlyhaveanimpactonvaccinedevelopmentstrategies.
Live,attenuatedvacci nesstimulateimmuneresponsessimilar
tothoseinducedbytheparentpathogenandusuallyprovide
long-lastingimmunity.Vaccinesusingkilledorganismsrequire
incorporationofadjuvants(agentsthatenhanceimmunity-
givingcharacteristics),andtheimmuneresponsestheyinduce
areusuallymorelimitedandofshorterdurationthanthose
inducedbylivevaccines.Co-administrationwithadjuvantsis
alsoastandardmethodusedwithsubunitproteinsbutmaybe
ineffectiveinsomecases.Advancesinbiotechnologyhave
providedanumberofalternativevaccinedeliverysystemsf or
subunitproteinsthatovercometheseshortcomingsandoffer
someoftheadvantagesprovidedbylivevaccines.Twoofthe
mostpromisingapproachesaretheuseofattenuatedorganisms
aslivevectorsandvaccinationwithDNA.
Live-vectoredvaccinesincorporateageneencodinga
subunitproteinintothegenomeofanattenuatedorganism,
whichitselfmaybeinuseasanattenuatedvaccine.Theprotein
isthenproducedwhentheorganismreplicatesintheanimal.A
vaccinecontainingarabiesvirusgenehasbeenusedtoprotect
foxesagainstrabies.Anattenuatedstrainofsheepandgoatpox
viruscontainingrinderpestvirusgeneshasbeenshownto
protectcattleagainstrinderpest.Althoughthissystemoffers
littleadvantageovertheconventionalrinderpestvaccine,it
illustratesthepotentialofthevectorfordeliveryofother
proteins.
TheuseofDNAforvaccinationisbasedonthediscovery
thatinjectionofgenesintheformofplasmidDNAcanstimulate
immuneresponsestotherespectivegeneproducts.Thisoccurs
asaresultofthegenesbeingtakenupandexpressedbycellsin
theanimalfollowinginjection.Stimulationofimmune
responsesandpartialprotectionh avebeenreportedfora
numberofpathogengenesinlivestockspecies,butnoneofthese
hasyetledtoafullyeffectivevaccine.
Thelive-vectorandDNAvaccinationsystemscouldbe
manipulatedfurthertoenhancetheimmunity-conferring
characteristicsofthegeneproducts.Experimentalstudieshave
demonstratedthatthesesystemshaveenormouspotentialfor
developingvaccinesthatinduceappropriateandenduring
immuneresponses.
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NEWVACCINEDELIVERYSYSTEMS
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ntilnowdevelopingcountrieshavehadfreeaccessto
conventional,nonproprietarytechnologythroughpublic
institutionsandinternationalinstitutessuchastheinternational
agriculturalresearchcenters(IARCs)sponsoredbythe
ConsultativeGrouponInternationalAgriculturalResearch
(CGIAR).Theadventofmodernbiotechnologyhaschangedthis
situationbecausemostofthenewbiotechnologyproductsare
proprietaryandlargelyownedbytheprivatesector.Howcanthe
privatesectorcontributetosustainableeconomicgrowthin
developingcountriesthroughthedevelo pmentandmarketingof
safetransgeniccrops?
Oneoftheimportantgoalspolicymakershaveforthenext
millenniumistodevelopaglobalfoodsecuritystrategythat
harnessestheconsiderablepotentialofferedbytransgeniccrop
technology.Onewaytheycanachievethisgoalisbyestablishing
novelandequitablepartnershipswiththeprivatesector.These
partnershipsmustaddressthreemajorglobalchallenges:feeding
agrowingworldpopulation;reducingandultimatelyeradicating
poverty;andprotectingthebiodiversityandnaturalresourcesin
tropicalforestsandfragile ecosystemsbyincreasingfood
productivityininput-efficient,sustainablesystemsonthemore
fertilearablelands.
Extensiveconsolidationinthe1990swithintheprivatesector
throughtakeovers,mergers,andallianceshasresultedinan
unprecedentedconcentrationofagri-biotechnologyresearchand
development(R&D)resourcesinasmallnumberofmajor
multinationalcorporations.Thissituationhasgiventhemultina-
tionalprivatesectoranumberofcomparativeadvantages:a
criticalmassofR&Dresourcesforfundinglong-termand
speculativeprojects;economiesofs caleinrelationtoglobal
markets;developmentcoststhatcanbeamortizedoverthelong
term;andexpertiseinmarketinganddistributionofseed.
Between1995and1998thevalueoftheglobalmarketin
transgeniccropsgrewfromUS$75milliontoUS$1.64billion.
Atotalofninecountries,fiveindustrialandfourdeveloping,
grewtransgeniccropsin1998.Theindustrialcountries—
containedabout85percentofthe28millionhectares
sownwithtransgeniccrops.Argentina,China,Mexico,and
SouthAfricacultivatedtheremaining15percentofland.
Argentinadevotedthelargestareat otransgeniccropsinthe
developingworld:4.3millionhectaresin1998;60percentofits
soybeanareawassownwithtransgenicvarieties.
PRIVATE-SECTORCOMPARATIVEADVANTAGES
THEGROWTHOFTRANSGENICPRODUCTION
Australia,Canada,France,Spain,andtheUnited
States—
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Thedominanttraitsinthetransgeniccropsgrownin1998
arelistedinthetable.Thebenefitsofthisfirstgenerationofcrops
arebetterweedandinsectcontrol,higherproductivity,andmore
flexiblecropmanagement.Thesebenefitsaccrueprimarilyto
farmersandagribusinesses.Thebroaderbenefits—asafer
environmentthroughreduceduseofpesticides—contributetoa
moresustainableagricultureandbetterfoodsecurity.
Afterin-countryevaluation,Argentina,Brazil,China,and
Mexicoaregrowingtransgenicvarietiesofcotton,maize,
soybean,andtomatoforcommercial purposes.Thetraitsthese
newvarietiesconferareinsectresistance(cotton,maize)
herbicideresistance(soybean),anddelayedfruitripening
(tomato).Combinationsoftraitsandcropspresentlybeingfield-
testedindevelopingcountriesincludevirus-resistantmelon,
papaya,potato,squash,tomato,andsweetpepper;insect-
resistantrice,soybean,andtomato;disease-resistantpotato;and
delayed-ripeningchilipepper.Otherdesirabletraitstobe
developedincludegreaterefficiencyintheuseoffertilizers,
pesticides,andwater.Molecularhybridizationcoul dincreasethe
productivityofseveralcrops,includingthetwomajorstaples,
riceandwheat,by15to20percent.AWorldBankpanelhas
estimatedthattransgenictechnologycanincreasericeproduc-
tioninAsiaby10to25percentinthenextdecade.
Thenextgenerationofcropswithimprovedoutputtraits
couldconfernutritionalbenefitstomillionswhosufferfrom
THEIMPACTONDEVELOPINGCOUNTRIES
Source:James1998(seesuggestedreadings).
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Crop
Million
hectares
Shareofthe
transgenicarea
(percent)
Herbicide-tolerantsoybean
Btcorn
Insect-resistant/herbicide-
tolerantcotton
Herbicide-tolerantcanola
Herbicide-tolerantcorn
Total
14.5
6.7
2.5
2.4
1.7
27.8
52
24
9
9
6
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Governmentsmustprovidetheenablingenvironmentforlocal
andinternationalcompaniestooperatecompetitivelyina
transparentandeffectiveregulatorysystemthatinstillsconfi-
denceandtrustthroughtheparticipationofthescience,public,
andbusinesscommunities.Theroleandresponsibilityof
governmentfallintofourareas:
Governmentshould
developanationalstrategyforbiotechnology,withspecific
prioritiesforcropbiotechnology.Theseprioritiesshouldinclude
thedevelopmentofapplicationsthatwillimprovetheproductiv-
ityoftheorphancropsofres ource-poorfarmersthattheprivate
sectornormallydoesnotinvestinbecauseofinadequatereturns.
Investmentincentives,suchasfavorabletaxconsiderationfor
R&D,venturecapital,andrepatriationofforeignexchange,are
neededtoexpediteaneffectivenationalstrategy.Anational
strategyshouldalsoincludesupportforlocalpublic-andprivate-
sectorcapacityinbiotechnology;avigorousprogramfor
acquiringandtransferringtechnologyfromexternalsources;and
commoditypricesandanorderlymarketthatprovideincentives
forfarmerstoadoptnewtechnologies inordertoenhance
productivityandsustainability.
Cropbiotechnologydirectlyaffects
nutrition,thefoodthatconsumerseat,choiceandlabelingof
products,theenvironment,andtheethicalconcernsofspecial
interestgroups.Governmentsmustestablishapublicawareness
programfromtheoutsetthateffectivelycommunicateswith
citizensabouttherationalefordecisionsandtherisksand
benefitsofcropbiotechnology.Theprogramshouldalso
encouragepublicparticipationinthedecisionsregardingtheuse
oftransgenicproducts.
Regulations
shouldbescience-based ;transparent;harmonizedwithinterna-
tionalprotocols,domesticlegislation,andimport-export
requirements;andimplementedbycredibleinstitutions.
Thisissueaffectspatents,plant
varietyprotection,seedcertification,andaccesstobiodiversity.
ProtectionofIPprovidestheeconomicincentivetotheprivate
sector.Withappropriateantitrustlaws,enforceableIPprotection
encouragescompetitionandleadstomoreproductsforfarmers.
Morethan140countrieshavealreadysignedtheTRIPs(Trade
RelatedIntellectualPropertyRights)agreement,whichis
inten dedtoharmonizeglobalseed-relatedIPissues.IPisoften
themajorconstrainttotechnologytransfer.Honest-broker
institutionscanassistdevelopingcountriesinthisarea.
GovernmentIncentivesforR&D
PublicAwareness
RegulationofBiosafetyandFoodSafety
IntellectualProperty(IP)
malnutritionanddeficiencydisorders.A
geneencodingforbeta-carotene/vitaminA
hasbeenincorporatedintoriceandcanenhance
thedietsofthe180millionchildrenwhosuffer
fromthevitaminAdeficiencythatleadsto2million
deathsannually.Similarly,agenethatincreasesiron
levelsinricethreefoldisapotentialremedyfortheiron
deficiencythataffectsmorethan2billionpeopleandcauses
anemiainabouthalfthatnumber.
TheNuffieldCouncilonBioethicsrecentlyconcludedthata
compellingmoralimperativeexiststomaketransgeniccrops
availabletodevelopingcou ntriesthatwantthemtocombat
hungerandpoverty.Creativepartnershipsbetweendeveloping
countries,CGIARcenters,andtheprivatesectorcouldprovide
theinstitutionalmechanismforsharingthenewtechnologies.
Developing-countrygovernmentscouldprovideincentivesto
publicinstitutions,nongovernmentalorganizations,andlocal
privatecompaniesindevelopingcountriestoacquireappropriate
biotechnologyapplicationsfromexternalprivate-sectorsources.
Thistechnologycouldbeusedtomeettheneedsofboththe
largercommercialgrowerandtheresource-po orfarmer.Several
technologytransferorganizationsanddevelopmentagencies
alreadyhavefacilitateddonationsofproprietaryproductsby
multinationalcompaniestoincreasetheproductivityofsubsis-
tencecrops.Muchmoreispossible.
Equitablejointventuresbetweenpublic-and/orprivate-
sectorentitiesfromdevelopingcountriesandprivate-sector
entitiesindevelopedcountriesshouldbeassignedhighpriority.
Theseventurescanacceleratetheadoptionoftestedtechnologies
byfarmers.Developingcountriestypicallywillcontribute
adaptedgermplasmandth eexternalprivatesectorwillprovide
theproprietarygenethatenhancestheproduct.Buildingtrust
betweenpartiestoensureequityremainsthekeychallenge.
Independent,honest-brokerinstitutionscanhelpbuildtrustto
achievethemutualobjectivesofboththedevelopingcountries
andtheprivatesector.Bothpartiescanmakein-kindcontribu-
tionstoinitiateprojectsandtheycanagreeontheirrespective
returnsaftertheeconomicvalueoftheenhancedproducthas
beenevaluatedinthefield.Similarstrategicalliancescouldalso
applytogermplasmdevelopedbytheIARC s.
Jointventureswithmultinationalagri-biotechnology
companiesalsohavegreatpotentialforboththepublicinstitu-
tionsandlocalprivatecompaniesindevelopingcountries.They
areparticularlyattractivetothelatter,whichnormallylackthe
R&Dandcapitalinvestmentstodeveloptheirowntechnology.
Jointventuresoffertheopportunitytolicensethetechnologyand
gainexperiencewithitsuseanddistribution.Thelatteractivityis
oneoftheweakestlinksinthechainofcropproductionin
developingcountries.Developmentagenciesshouldalso
considerparticipat inginmorejoint-venturepilotprojects.
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oodsecurityremainsanunfulfilleddreamformorethan800
millionpeopleunabletoleadhealthyandactivelivesbe-
causetheylackaccesstosafeandnutritiousfood.Thefightto
achievefoodsecurityforthisgrowingpopulationhastotake
placeonmanyfronts.Technologyisonesuchfrontandgenetic
engineeringandbiotechnologyoneinterdependentoption
withinthatfront.Biotechnologyclearlycansolveagricultural
problemsthattraditionaltechnologyeithercannotsolveorcan
solveinafarmorecostlymanner.Butconfusionsurroundsthe
perceptionofriskassociatedwithb iotechnology.Whetherthis
newtechnologypromisestobethekeytechnologicalparadigm
inthefightforfoodsecuritydependsonhowitsrisksareper-
ceived,disentangled,andaddressed.
Currentpublicdebateaboutthe“generevolution”oftensuffers
fromafailuretodifferentiatebetweenrisksinherentinatechnol-
ogyandthosethattranscendit.Thisdifferentiationisofutmost
importanceinanyattempttoreasonouttherisksarisingfrom
biotechnology.
Althoughmodernbiotechnologyhasdemonstrateditsutil-
ity,concernsexistaboutthepotentialrisksposedbygenetica lly
modifiedorganisms.Mostcountrieswithbiotechnologicalin-
dustrieshavesophisticatedlegislationinplaceintendedtoen-
surethesafetransfer,handling,use,anddisposalofsuchorgan-
ismsandtheirproducts.Risksdisallowedinindustrialcountries
shouldnotbeexportedtodevelopingcountries.Ifbiotechnologi-
calproceduresareusedindevelopingcountries,state-of-the-art
qualitymanagementthattakeslocalecologicalconditionsinto
accountmustbeputintoeffectalongwiththewell-documented
principlesandpracticesofproperriskassessment.Suchri skas-
sessmentsallowgovernments,communities,andbusinessesto
makeinformeddecisionsaboutthebenefitsandrisksinherentin
usingaparticulartechnologytosolveaspecificproblem.
Unfortunately,discussionofinherentriskhasbecome
mixedupasbiologists,legalexperts,andethicistspoachoneach
other'sturf.Anorderlydiscussionwouldkeepthesevoicesto
theirareasofexpertise.Decisionmakingandqualitymanage-
mentissuesshouldalsobekeptdistinct:Thescientificproject
level(laboratorysafety,measurementstandards,assessmentof
technologicalalte rnatives,andsoon)shouldremainseparate
fromthenationalpolicylevel(accountabilityissues,legal
frameworks,andintellectualpropertyrights,forexample),
which,inturn,shouldbedisentangledfromtheinternational
level(vulnerabilitytosubstitution,internationalassistance,and
soon).Thebestmindsshouldworkoneachlevelandfindways
toachieveoverallconsensusabouthowtodealwithrisk.
Technology-transcendingrisksemanatefromthepoliticaland
socialcontextinwhichatechnologyisused.Indevelopingcoun-
triestheserisksspringfromboththecour setheglobaleconomy
takesandcountry-specificpoliticalandsocialcircumstances.
Themostcriticalriskshavetodowiththreeissues:aggravation
oftheprosperitygapbetweenNorthandSouth,growthinthe
disparityinincomeandwealthdistributionwithinsocieties,and
lossofbiodiversity.
Biotechnologymakesitpossibletoproducetropicalagricultural
goodsinthelaboratoryatamorecompetitivepricethanunder
traditionaldeveloping-countryconditions.Vanilla,cocoa,sugar,
andtropicalvegetableoilsareexamplesoftropicalexportcom-
moditiesunderthepoten tialthreatofbeingreplacedbyproducts
producedmorecheaplyelsewhere.Ifgeneticallyengineered
productsdosubstitutefortropicalagriculturalexports,thewide
gapinprosperitybetweenNorthandSouthmaywellgrow.The
solutiontotheproblemliesinaconcertedinternationalendeavor
todiversifytheproductionstructureinvulnerablecountriesand
notininterventionsagainstthemarket.Governmentsofthecoun-
triesindangershouldimprovegovernanceandundertakemore
appropriatelong-termstructuralplanning.Theinternationalde-
velopmentcommunityshoulds upportdiversificationefforts.
TheprosperitygapmayalsogrowiftheNorthdoesnotade-
quatelycompensatetheSouthforexploitingitsindigenousge-
neticresources.Privateenterpriseandresearchinstitutescould
gainunremuneratedcontrolofthegenesofplantsnativetothe
developingworld,usethemtoproducesuperiorvarieties,and
thensellthenewvarietiesbacktodevelopingcountriesathigh
prices.Thebasicquestionofwhethertheownersofbiodiversity
shouldberemuneratedhasbeenclearlyandpositivelyanswered
byArticle19oftheRioConventiononBiologicalD iversityand
bythevirtuallyunanimousconsensusofinstitutionsengagedin
biotechnologicaldevelopment.Butthetechnicaldetailsofhow
compensationshouldoperateforspecificnationsremainsun-
clear.Whoshouldcompensatewhomforwhatandforhowmuch
needsunequivocalregulation.
Thegrowingdisparitiesinthedistributionofincomeandwealth
inpoorsocietiesservetounderminethesubstantialcontribution
biotechnologycanmaketothewelfareoffarmersandtonational
agriculturaldevelopment.Disease-resistantcassava,millet
richerinprotein,andriceenrich edwithvitaminAandtolerantto
stresscancontributetoprosperityandthusenhancefoodsecurity
TECHNOLOGY-INHERENTRISKS
TECHNOLOGY-TRANSCENDINGRISKS
AggravationoftheProsperityGap
IncomeandWealthDisparitiesinDevelopingCountries
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advances,comewithinthereachofthebroadmass
ofthepopulation,maleandfemale.Whetherthis
happensandhowlongittakestohappendependonthe
politicalwilltocreatetheappropriatenationaldevelop-
mentframework.
ContemporaryreviewsoftheeffectsoftheGreen
Revolutionshowthatincountrieswheresmallfarmershadac-
cesstoagriculturalextensionservices,land,inputs,andcredit,
theywereabletobenefitmuchmoreandearlierthan
smallholdersproducingwithouttheaidofafavorableagricul-
turaldevelopmentframewo rk.LiketheGreenRevolution,ge-
neticallyengineeredcropvarietiesarealand-savingtechnology.
Assuchtheycanbeofparticularimportancetothosewhohave
littleoronlymarginalland.Whetherthepotentialbenefitsbe-
comerealityforsmallfarmersisnotaquestionoftechnologybut
ofthesocialqualityofdevelopmentpolicy.Theeconomicand
socialimpactofbiotechnologycanonlybeasgoodasthe
sociopoliticalsoilinwhichnewvarietiesareplanted.Solutions
tofoodinsecurity,therefore,ultimatelyhavetobefoundinthe
domainofgoodgovernance.
Buttheprivatesecto r,whichhastakenovermoreandmore
ofbiotechnologyresearch,alsohastodoitsshare.Asimportant
aspectsofplantresearchcontinuetobepatented,theywillbe-
cometooexpensiveforpoorfarmersindevelopingcountries.In
ordertoavoidpreventingordisturbingresearchforthepoor,the
privatesectorshouldmaketheresultsofitsresearchavailablefor
freeoronfavorableconditions.Inthiswaycutting-edgeresearch
canbeusedtoaidthosewho,forreasonsofpoverty,donotyet
participateinmarkets.
Thereductionofbiodiversityisthethirdkeytechnology-
transcendingri sk.Diversitydiminishesnotbecausefarmers
growgeneticallymodifiedfoods,butbecausethepoliticalwillto
conservediversitydoesnotalwaysexist.Itispreciselybecause
farmersfindnewvarietiesmoreremunerativethatthenumberof
foodcropvarietieshasdiminishedoverthelast100years.But
thefactthatfarmersreplaceinferiorvarietieswithsuperiorvari-
etiesdoesnotatallhavetotranslateintoalossofbiodiversity.
Varietiesthatareunderpressureofsubstitutioncanbepreserved
fromextinctionthroughinvivoandinvitrostrategies.Improved
governanceand internationalsupportcanalsolimitlossof
biodiversity.
Theimmensereductionofbiologicaldiversityduetothe
destructionoftropicalforests,conversionofnativelandtoagri-
culture,replacementofwildlandswithmonocultures,overfish-
ing,andtheotherpracticesusedtofeedagrowingworldpopula-
tionisfarmoresignificantthanthelossofbiodiversityduetothe
adoptionofgeneticallymodifiedcropvarieties.Toslowdown
thecontinuinglossofbiodiversity,themainbattlefieldmustbe
thepreservationoflandandwaterresources.
Assessingthecontributionthat geneticengineeringcanmake
towardfightinghungerindevelopingcountriesisnot“simply”
anacademictaskinvolvingfactsandfiguresandrationalevalua-
tion.Theinterpretationofdataissubjecttotheinterestsand
valuejudgmentsofavarietyofstakeholders.Identicalinforma-
tioncanleadsometoconsideragriculturalbiotechnologiestobe
amongthemostpowerfulandeconomicallypromisingmeansof
ensuringfoodsecurity,andotherstoperceivethemasathreatto
developmentinpoorcountries.Thenotionthatthereisnosuch
thingasonerealityseemsprevalentindiscuss ionsofbiotechnol-
ogy,asitdoesindiscussionsofallmajorsocialissues.
Apartfromtheissueofpluralityofopinionistheissueof
balance.Themediaaremorelikelytotakeupwildstoriesabout
thecreationofmonstersandscientistswholackmoralsthanto
dwellonstoriesaboutslowbutsteadyprogresstowardthecre-
ationofpest-tolerantrice.WhentheFederalInstituteof
TechnologyinZurichrecentlyinformedtheworldthatitwas
possibletogeneticallymodifyricesothatitcontainvitaminA
andiron,anachievementofpotentiallyimmensebenefittopoor,
malnourishedpeopl e,nomediaechooccurred.Butwhennews
brokethatlarvaeoftheMonarchbutterflyweredamagedina
geneticallymodifiedcropexperimentnotrepresentativeofnatu-
ralconditions,thestorywastakenasclearevidencethatgenetic
engineeringcausesincalculableharmtobiodiversity.
Becauseweliveinaworldofheterogeneoussocialsystems,
withamultitudeofvaluejudgmentsandinterests,weshould
expectdifferingevaluations.Ontheonehand,theuseofbiotech-
nologyleadstoobviousandsignificantbenefitsintheformof
increasedproductionandproductivity,enhancedenv ironmental
sustainability,andimprovedfoodsafetyandquality.Ontheother
hand,biotechnologyinvolvesanumberofeconomic,social,and
ecologicalrisks.Butitshouldbeemphasizedthattheserisksare
notaconsequenceofthetechnologyperse.Theyarisefrompar-
ticularsocialsettings,transcendingthenatureofthetechnology
employedwithinthosesettings.
Becausefoodinsecuritystemsfromthecombinedeffectsof
anumberoffactors,thechallengeliesinstrategiesthattackleall
problemscomprehensively.Policiesmustensurethatadevelop-
ment-friendlyenvironm entexistsandthatbiotechnologyisori-
entedtowardtheneedsofthepoor,particularlysmallholders.
Thesesmallfarmerscouldtherebybecomeindispensabletoan
overalldevelopmenteffort.Newagriculturaltechnologiescan
onlycontributeonestonetothecomplexmosaicofdevelopment.
Butwithouttheyield-increasinginnovationsofbiotechnology,
worldfoodsecuritywillremainelusive.
LossofBiodiversity
CONCLUSIONS
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IFPRI,1995).
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TOWARDANINTERNATIONALBIOSAFETY
PROTOCOL
Asareflectionoftheneedtoregulatepotentialrisksposedby
transnationaltransfersofGMOs,effortsarecurrentlyunderway
tonegotiatealegallybindingbiosafetyprotocolunderthe
ConventiononBiologicalDiversity.Lackofagreementona
numberofcriticalissuespreventedtheadoptionoftheprotocolin
Cartagena,Colombia,inFebruary1999.Thecenterpieceofthe
draftprotocolisanadvanceinformedagreement(AIA)procedure
tobefollowedpriortothetransboundarytransferofGMOs
(calledlivingmodifiedorganismsorLMOsintheprotocol).
ExactlywhichcategoriesofL MOswillbecoveredunderthisAIA
procedureremainsasubjectofdisagreement.AllagreethatLMOs
thatwillcomeintocontactwiththeenvironmentofanimporting
countryshouldbecoveredundertheAIA,inordertoassessfor
potentialadverseimpactsonbiodiversity.Akeypointofdisagree-
mentcentersonwhetherLMOsthatare“intendedforfood,feed,
orprocessing”ratherthanfordeliberatereleaseintotheenviron-
mentshouldalsobecoveredundertheAIA.LMOsnotintended
forreleaseintotheenvironmentarecalledcommodities.Agroup
ofmajoragriculturalexportingcountries (theMiamigroup,
includingArgentina,Australia,Canada,Chile,theUnitedStates,
andUruguay)arguesthatagriculturalcommoditiesshouldbe
excludedfromtheAIAprocedurebecausetheycannotposea
threattobiologicaldiversity.Thesecountriespointoutthat
providingdetailedinformationonLMOsinbulkagricultural
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seofbiotechnologyinsectorssuchasagricultureand
medicinehasproducedagrowingnumberofgenetically
modifiedorganisms(GMOs)andproductsfromthem.Therapid
diffusionoftransgeniccropsillustratesthepaceatwhich
biotechnologyistransformingthecommerciallandscape(see
figure).Thepotentialecological,humanhealth,andsocioeco-
nomiceffectsofsuchusehavebecomethefocusofwidespread
debateatnationalandinternationallevels.Thesedebatesare
rootedindifferentculturalapproachestoriskacceptanceand
management,andtheiroutcomeswillreshapee xistingpolicies
andinstitutionsdealingwiththesafeuseofbiotechnology.
Effortstoensurethesafeuseofbiotechnologytodate,especially
intheUnitedStates,includeundertakingscientificallybased,
case-by-casehazardidentificationandriskassessment;regulat-
ingtheendproductratherthantheproductionprocess;develop-
ingaregulatoryframeworkthatbuildsuponexistinginstitutions
ratherthanestablishingnewones;andbuildingflexibilityinto
biosafetysystemstoreduceregulationofproductsperceivedto
below-risk.Biosafetyriskassessmentfocus esoncharacteristics
oftheorganismbeingassessed,intendeduseoftheorganism,and
featuresoftherecipientenvironment.Theconceptofsubstantial
equivalencebetweennewandtraditionalproductshasbeenused
asabasisfordeterminingwhatsafetytestsareneededbefore
puttingageneticallymodifiedproductonthemarketandwhether
productlabelingisrequired.
Giventhatriskassessmentandmanagementdecisionshave
beenbasedonexperiencegainedwithaparticularorganism,its
intendeduse,anditsreceivingenvironment,familiarityhas
emergedasakeybiosafetyprin cipleinsomecountries.Although
familiaritycannotbeequatedwithsafety,ithasprovidedthebasis
forapplyingexistingmanagementpracticestonewproducts.
Furthermore,case-by-caseandstep-by-stepriskanalysis
underpintheuseoffamiliaritytoassessandmanagerisk.The
OrganisationforEconomicCooperationandDevelopment
(OECD)recommendsthisapproachtobiosafetyandtheU.S.
regulatorysystemreliesonit.
Partlyinresponsetonegativepublicreactiontogrowinguse
ofgeneticallymodifiedcropsinagriculture,somecountries,
especiallyinEuropeandrecentl yJapan,haveintroducedlabeling
forsomeorallbiotechnology-basedproducts.Theperceived
needtobasebiosafetypoliciesontheprecautionaryprinciplehas
alsojustifiedlabeling.Thisapproachacknowledgesthatnot
enoughmaybeknownaboutthelong-termadverseeffectsof
GMOs.Itthusrequirespriorevidencethatbiotechnology-based
productsaresafeforhumanhealthandtheenvironment.
PRACTICES,PRINCIPLES,ANDEXPERIENCES
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Source:C.James,
,Brief8(Ithaca,N.Y.:InternationalServiceforthe
AcquisitionofAgri-biotechApplications,1998).
GlobalReviewofCommercializedTransgenic
Crops:1998commodityshipmentsisnotfeasible,because
geneticallymodifiedandnonmodifiedseeds
commingleandnodirectbusinesslinkexistsbetween
seedgrowersandexporters.Othercountries,especially
developingcountries,callforallfirst-timetransfersofLMOs,
includingcommodities,tobecoveredbyAIA.Thisisseenas
necessaryinordertomonitorentryofLMOs,aswellastoassess
humanhealthimpacts.Thesecountriesalsopointoutthatthe
“intendeduse”ofLMOsforprocessing(ratherthanforplanting)
cannotalwaysbeguaranteedoncetheorganismshaveentereda
country’sbo rders.
Negotiatorsalsodisagreeonwhetherdecisionstakenunder
AIAshouldbebaseduponsoundscienceorprecaution.Those
callingforsoundsciencenotethatrelianceupontheprecaution-
aryapproachcouldresultindiscriminatoryorunjustifiable
barrierstointernationaltradeinLMOs.Thosefavoringprecau-
tionaryapproachesnotethatunambiguousscientificevidenceof
harmrelatingtoLMOsmaynotbeforthcomingintheshortterm.
Theyargue,therefore,forprecautioninthefaceofscientific
uncertainty,inordertoensurethatgeneticallymodifiedproducts
aresafefo rhumanhealthandtheenvironment.Anotherkey
conflictinvolvestheexactnatureoftherelationshipbetweena
country’sobligationsundertheprotocolanditsrightsand
obligationsunderWorldTradeOrganization(WTO)agree-
ments.Astandoffonthisissuewasoneofthemainreasonsfor
thedeadlockinCartagena.Countriesalsodisagreeabout
whetherissuessuchassocioeconomiceffectsofLMOs,liability
andcompensation,andpharmaceuticalproductsshouldbe
includedintheprotocol.Furthernegotiationsareunderwayinan
attempttofinalizeaprotocolin2000–2001.
Biosafe tymeasurescannotbeeffectivelyimplementedwithout
adequateinstitutionalandhumancapacityatthenationallevel.
Inmostcountrieswithregulatoryregimes,existinginstitutional
arrangementshavebeenadjustedtoaccommodatebiosafety
needs.Manydevelopingcountriesarenowintheprocessof
developingbiosafetyregulations.Insomepoorercountries,
discussionsabouttheintroductionoftheseregulationshavebeen
accompaniedbyconcernsabouttheirexpense.Asawayto
addresstheseconcerns,thelastdecadehasseenanincreaseinthe
numberofformalandinformalpr ogramsaimedatcreating
humanresourcecapacityforbiosafetyregulation.Theprograms
havefocusedonriskassessmentandregulatoryoversight.
Training,workshops,seminars,andtechnicalmeetingshave
helpedtobuildcapacityinbiosafety.Internationalorganizations
haveplayedakeyroleinsupportingsuchactivities.Thedraft
biosafetyprotocolalsoidentifiescapacitybuildingasakeyarea
forinternationalcooperation.
Currentpublicdebateonthecommercializationofagricultural
biotechnologyproducts,especiallyinEurope,hasunderscored
theimportanceof publicparticipationinriskassessmentand
decisionmakingpertainingtoGMOs.Therapidpaceoftechno-
logicalchangeandthewide-rangingnatureoftheperceived
effectsofbiotechnologynecessitatemuchgreaterpublic
participationinpolicymaking.Anumberofindustrialized
countrieshavelaunchedprogramsaimedatincludingthepublic
intechnologyassessmentanddecisionsinvolvingtheuseof
biotechnologyinagriculture.Theissueisnotsimplyoneof
providingscientificinformationtothepublic,butratherof
buildingtrustbetweenscienceandsociety.Intermediar y
programsandinstitutionsconcernedwiththesocialaspectsof
biotechnologycouldbeestablishedtobuildsuchtrust.While
informedandeffectivepublicparticipationremaincrucial
requirementsinthisarena,theneedtomaintainconfidentiality
aboutproprietarycommercialinformationconstrainsthenature
andextentofthisparticipation.Wheretheboundaryshouldlie
betweenprivatelyandpubliclyheldinformationpertainingto
GMOscontinuestobeanareaofdebateindeterminingthe
appropriatelevelofpublicparticipationindecisionmaking.
Forinformationwitho utproprietaryconstraints,nationaland
internationalagenciesareincreasinglyusingmoderncommunica-
tiontechnologies,suchastheinternet,todisseminateinformation
onregulationsandriskassessmentsofgeneticallymodified
organisms.Whilesuchcommunicationtechnologiesareimpor-
tantmechanismsforsharinginformationandexperiences,and
theiruseislikelytogrowinthefuture,excessiverelianceonthem
couldpreventthosecountrieswiththeleastcapacityandthe
greatestneedforrisk-relatedinformationfromhavingtimely
accesstothelatestknowledgea boutbiosafety.Measuresadopted
tocomplementinformationdisseminationthroughtheinternet
includetheestablishmentofbiosafetyclearinghouseswithin
nationalandinternationalagencies.Theuseofsuchintermediary
institutionsasbridgesforsharinginformationandexperience
betweenvarioussectionsofsocietyandacrosscountriesneedsto
beenhanced.Inparticular,intermediaryinstitutionscould
facilitatethetaskofmonitoringriskassessmentsanddecisions
pertainingtobiotechnologyproductsasanimportantmeansof
accumulatingknowledge.Whileanumbe rofnationalagencies
havebegunmonitoringactivities,theresultsoftheseeffortshave
notbeenconsolidatedintoglobalbiosafetyassessments.Such
assessmentscouldbeusefulindisseminatingthelessonslearned
aboutdifferentgeneticallymodifiedorganismsandinfacilitating
experienceandinformationsharingamongcountries.
CAPACITYREQUIREMENTSANDTHEECONOMICS
OFREGULATION
PUBLICPARTICIPATIONANDAWARENESS
INFORMATIONEXCHANGEANDEXPERIENCE
SHARING
FormoreinformationseeJohnDoyleandGabriellePersley,
(Washington,D.C.:WorldBank,1996);G.Tzotzos,
(Wallingford,U.K.:
CABI,1995);andAartiGupta,
(Cambridge,Mass.,U.S.A.:HarvardUniversity,1999),
availableathttp://environment.harvard.edu/gea.
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ModifiedOrganisms:AGuidetoBiosafety
BiosafetyinanInternational
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ntellectualpropertyprotectionhascontributedinamost
importantwaytothedevelopmentofthecurrentbiotechno-
logicalrevolutioninagriculture,andtotheinstitutionalrestruc-
turingaccompanyingthatrevolution.Theintellectualproperty
issues,options,andnecessaryactionsvitaltodevelopingnations
seekingtobenefitfromthesafeapplicationofbiotechnologies
areoutlinedbelow.
Beginninginthemid1900s,nationsbegantoofferPlantVariety
Protection(PVP,alsoknownasPlantBreeders’Rights)to
breeders.UnderPVPabreedercouldobtainprotectionforan ew
variety,provideditwasnovel,distinct,uniform,andstable.The
protectiongavethebreedertheexclusiverighttomarketthe
variety,althoughfarmerswereabletoreusetheirseedand
breedershadtherighttouseprotectedmaterialinproducingnew
varieties.In1991treatyrevisionspermittednationstoprohibit
farmersfromreusingharvestedseeds,andgavebreederscertain
rightsovermaterialbredfromprotectedmaterialsandstronger
rightsoverproductsgrownwithprotectedseeds.Thissystemof
protectionisgovernedbyaninternationalagreementand
organization,U POV(FrenchacronymforInternationalUnion
fortheProtectionofNewVarietiesofPlants).
BeginningwiththefamousdecisionofDiamondv.
Chakrabartyin1980,theUnitedStates,andlaterEurope,moved
tograntregularpatentrightscoveringplants.Morethan400
patentsmentioningriceandbiotechnologywereissuedinthe
UnitedStatesin1998(comparedto12in1988).TheUnited
States,butnotEurope,willgrantaregularpatentonavari-
ety—withtheprobableimplicationthatthematerialcannotbe
reusedbyfarmersorusedbythirdpartiesforfurtherbreeding.
TheUnitedStatesan dprobablyEuropealsograntpatentsonall
plantsofaparticularspeciesintowhichaspecificnewgenehas
beeninsertedbybiotechnologicalmeans.Inthissenseitis
possibletopatentagene,whichtypicallyinvolveslegalclaims
overtheisolatedgeneandDNAsequences,overthegenetic
engineeringtoolsthatusethosesequences,andoverplantsthat
havebeentransformedwithsuchtools.Therightsofthepatent
holderdonotextendtoplantsinwhichthegenesoccurnaturally.
TheUnitedStatesandEuropehavealsograntedpatentsonwide
categoriesoftransgenicplants,forexample, alltransgenic
cottonorsoybean.Manyothernationsaswellgrantpatentson
processesforgenetictransformationofplants.Whichofthese
patentswillbevalidhasyettoberesolvedbylitigation.
Agriculturalbiotechnologycompaniessometimesalsokeep
informationaboutcropplantgenomesconfidentialunderaform
oftradesecrecy.Thesefirmscanthenmarkettheinformationto
otherfirms.
Althoughmanydevelopingcountrieshavebeenhesitant
aboutadoptingsuchformsofintellectualpropertyprotection,
theTradeRelatedIntellectualPropertyRights(TRIPs)agree-
ment,n egotiatedaspartoftheUruguayRound,requiresall
memberstomakepatentsavailableinallfieldsoftechnology.
However,membersmayexcludefrompatentabilityplantsand
animalsotherthanmicroorganismsandtheprocessesusedfor
theproductionofplantsandanimalsthatareessentiallybiologi-
cal.Allmembersmustprovideaneffectivesystem
fortheprotectionofplantvarieties.Notsurprisingly,themoves
byindustrialcountriestoprotecttheproductsofbiotechnology
haveleddevelopingcountriestoseektoprotectthegenetic
sourcesofthoseproducts.Developing-cou ntryeffortsculmi-
natedinthe1992ConventiononBiologicalDiversty.This
agreementmadeitclearthatnationscouldenactlegislation
prohibitingtheexportofgeneticresourcesunlessarrangements
weremadetosharethebenefitsoffinancialreturnsfromthe
exportedresources.
Thetrendtowardintellectualpropertyprotectionhashadseveral
importantstructuralconsequences.First,andprobablymost
important,private-sectorresearchhasradicallyincreased,
driveninpartbythepossibilityofprofitssupportedbyintellec-
tualpropertyrights.Moreover,private- sectorindustryhas
greatlycentralized.Whatwasonceanindustryinwhichsmall
seedbreedersplayedamajorrolehasnowbecomeaglobal
oligopolydominatedbyfiveleadingfirms(AgrEvo,
DowElanco,DuPont,Monsanto,andNovartis).Intellectual
propertylitigationmaybepartoftheexplanationforthis
oligopolization.Firmsbegansuingeachotherinlargenumbers
duringthefirstseasonsinwhichtransgenicseedsbegantobe
usedsignificantlyintheUnitedStates.Thevariouspatentsthat
hadbeenissuedweresobroadandsonumerousthattherewere
manyplausiblecasesofmutualr eciprocalinfringement.The
easiestwaytosettlesomeofthedisputeswasthrough
merger–andawaveofmergersoccurredbeginningabout1996
andcontinuinginto1999.Someofthemergerscanalsobe
explainedbythedesireoffirmstohaveaccesstothebasic
researchcapabilitiesheldbyotherfirms.Moreover,asinvest-
mentinproductdevelopmentincreases,firmsneedalarger,
strongermarketingcapability.
Althoughtheforceofthetrendhasyettobecomeclear,itis
likelythatintellectualpropertyrightswillalsosignificantly
FORMSOFPROTECTION
IMPLICATIONSOFPROTECTION
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ornamentalandspecialtycropshavealreadygained
consumerrecognitionbutare,atthesametime,protectedby
PVP.Theresultisthatacountrywishingtogrowavarietyfor
exportmusthaveinplacethelegislationthatgivesconfidenceto
therightholderlicensingtheparticularvarietytofarmers.This
competitiveuseofvarietyandintellectualpropertyrightscanbe
expectedtoincreaseinlightofthelargenumberofnewmarkets
andapplicationsforgeneticallymodifiedcrops.Itmayeven
becomearesponsetothelowerin gofmoreformaltradebarriers.
Thesetrendsraiseanumberofissuesforpolicymakers,both
thosedirectlyinvolvedinagriculturalresearchandthose
workingfromabroadergovernmentalperspective.Officials
makingdecisionsaboutpubliclyfundedagriculturalresearch
mustfirstconsiderwhethertomodifyresearchfociinorderto
complementtheworkcarriedonintheprivatesector.Theprivate
sectorwillprobablydowellatadaptingcrops(maize,wheat,and
rice,forexample)thatmiddle-incomefarmerswillusein
middle-incomenations.Privateindustryprobablyalsowilld o
wellatresearchoncropsexportedtothedevelopedworld.Onthe
otherhand,theprivatesectorwillpaylittleattentiontotheneeds
ofthepoorestfarmers,anditmaynotbeasenvironmentally
sensitiveaspubliclyfundedinstitutions.Thepublicsector,
therefore,hasanimportantroletoplayinareasthatcomplement
private-sectoractivity.Moreover,ifmergersreachthepoint
wherecompetitionwithintheprivatesectorisweak,thepublic
sectorshouldensurethatgoodpublicvarietiescancompetewith
privatevarietiessothatfarmersfacereasonablechoices.Such
choicessho uldbemadeavailableevenifthereareobjectionsthat
public-sectoractivityiscuttingintoprivate-sectorprofits.
Becausetheprivatesectorwillholdmanyoftheadvanced
technologies,thepubliclyfundedagriculturalresearchcommu-
nitymustalsodevelopaneffectiveapproachtocooperationwith
theprivatesectorinresearchandproductdevelopment.National
systemsmayneedtodistributetheirnewvarietiesbyobtaining
intellectualpropertyprotectionforthemandlicensingthemtoa
privatefirm.Aspublicbudgetsshrink,thepublicsectorcould
obtainincomefromlic ensingitstechnology.Butthereturns
fromsuchactivityarelikelytobesmall,andultimatelythelocal
farmerandconsumerwillpaytheroyalty.Evenso,thepublic
sectormayneedtoobtainintellectualpropertyprotectionin
ordertohavebargainingchipstoprotectitsfreedomtodistribute
itsownresearchproductstofarmers.Theprivatesectormaynot
readilymaketechnologiesavailabletothepoor.
Internationalpoliticalpressureislikelytoensurethat
nationalgovernmentsmakeanefforttocomplywithTRIPs.But
sucheffortsshouldmeanmorethansimplypassingTRIPs-
comp liantlegislation.Itmaybepossibletodesigncompliancein
awaythatbenefitsnationalagriculture.Forexample,shouldthe
inventivesteprequirementforissuingapatentbeaslowasitisin
theUnitedStatesorEurope?Whenshouldproductpatentsbe
issuedasopposedtoprocesspatents?Whatkindoffreedomfor
experimentaluseofgeneticmaterialshouldbeprotected?
Moreover,theintellectualpropertylegislationmustbesupple-
mentedwithappropriatetraininginthecourts,lawfirms,andlaw
schools,sothatthelawcanbeusedeffectivelyandnationscan
enjoythoughtfuldeba teonthelaw.Effectivelegislationfor
managingintellectualpropertyrightsforproductsofgovern-
mentresearchalsomustbepassed.Inlightofthecostof
operatingthesesystems,asmanyoftheseinstitutionsaspossible
shouldbecreatedattheregionalratherthanthenationallevel.
Governmentsmustalsorepresenttheirinterestsintheglobal
negotiationsthataffectthisbodyofinternationallaw,negotia-
tionsthatarelikelytobeinitiatedinanewinternationaltrade
round.Realistically,thefundamentalstandardsandcompro-
misesofTRIPsareunlikelytochange.But arealpossibility
existsthatanantitrustcodecanbenegotiated.Thiswouldalmost
certainlybenefitdevelopingnations.Thekindofconcentration
occurringintheagriculturalbiotechnologyindustryneednotbe
allowedandshouldbecontrolledbyglobalmechanisms.Inthe
faceoftheconcentrationthatexists,astrongcompetition-based
argumentcanalsobemadeforrestrictingtheexerciseof
intellectualpropertyrightstotheextentneededtoallownew
firmstoentertheindustry.Innewtraderoundsorothernegotiat-
ingcontexts,developingnationscouldseekwaystousethe
intellectualpropertysystemtoencourageresearchfortheir
needs.U.S.OrphanDruglegislationalreadygrantsspecial
privileges,includingmarketprotection,toencourageprivate-
sectorresearchondiseaseswithtoofewvictimstoattract
investment.Mightthedevelopedworldhavesimilararrange-
mentsforproductsthatbenefitthedevelopingworld?
Toaccomplishthesegoals,developingnationsmust
mobilizetheirlegalandscientifichumanresources.Thoughtful,
capablepeoplewillbeneededfordefiningnationalpolicy,
representingthenationalinterestinnegotia tionswithmultina-
tionalfirms,assistingnationalexporterstodealwithdeveloped-
worldmarketbarriers,andnegotiatingininternationaltrade,
agricultural,andintellectualpropertyfora.Thesepeoplewill
facepolicyquestionsthatcombineissuesofsciencewithissues
ofintellectualproperty,competitionlaw,andinternationaltrade.
Theirsuccesswillbeindispensabletothesuccessofdeveloping-
countryagriculture.
ISSUESANDOPTIONSFORPOLICYMAKERS
ISIONFOROODGRICULTUREANDTHENVIRONMENTISANINITIATIVEOFTHENTERNATIONALOOD
OLICYNSTITUTETOFEEDTHEWORLDREDUCEPOVERTYANDPROTECTTHEENVIRONMENT
“A2020VF,A,E”IF
PI(IFPRI),,. ESEARCH R
Forfurtherinformation,seeJ.Barton,W.Lesser,andJ.Watal,
“IntellectualPropertyRightsintheDevelopingWorld,”prepared
fortheRuralDevelopmentDepartmentoftheWorldBank,June
1999;F.ErbischandK.Maredia,eds.,
(Wallingford,U.K.:CABI,1998);and
W.Siebeck,ed.,
,WorldBank
DiscussionPaperNo.112,1990.
IntellectualPropertyRights
inAgriculturalBiotechnology
StrengtheningProtectionofIntellectualPropertyin
DevelopingCountries;ASurveryoftheLiterature
JohnH.BartonisaprofessoroflawatStanfordUniversity(e-mail:jbarton@leland.stanford.edu).NTERNATIONALOODOLICYESEARCHNSTITUTETREETASHINGTON
HONEAXAILIFPRICGIARORGEBWWWIFPRIORG
IFPRI(IFPRI)•2033KS,N.W.•W,D.C.20006-1002•U.S.A.
P:1-202-862-5600•F:1-202-467-4439•E-M:@.•W:..
2O
VISION 2O
OCUSRIEFOFCTOBER F2•B810•O1999
IFPRI
B
iotechnologyprovidesnewopportunitiesforachieving
productivitygainsinagriculture.Theapplicationofmod-
ernbiotechnologytoagriculturalresearchsystemsindeveloping
countries,however,involvesnewinvestments,changesinre-
sourceallocation,andnewresponsibilitiesforpolicymakers,
researchmanagers,andscientists.Thenewresponsibilitiesin-
cludedeterminingthebenefitsandrisksofbiotechnologyappli-
cationsinaparticularcountry,identifyingthekeyproductivity
constraints,anddecidingtheextenttowhichanationalresearch
agendashoul dembracebiotechnology.Governmentofficials,
institutedirectors,andscientistsassumingtheseresponsibilities
playacrucialroleinsettingpoliciesandresearchagendasand
developingregulatorycapacityforagriculturalbiotechnology.
Theirtaskisdifficultbecausepublicbudgetsforagricultural
researchareseverelyconstrainedinmostdevelopingcountries.
Giventhesedifficultiesandresponsibilities,thekeyques-
tionnationalagriculturalresearchsystems(NARS)havetoface
is,Howarebiotechnologyprogramsbestinitiatedandintegrated
withongoing ,conventionalagriculturalresearchandnational
priorities?Thisprocessofintegrationcannotsucceedwithout
takingintoaccountthecharacteristicsparticulartobiotechnol-
ogy,includinghighdevelopmentcosts;newdemandsonhuman,
financial,andmanagerialresources;opportunitiesforinterna-
tionalcollaboration;thechallengeofnegativepublicperception;
biosafety;andintellectualpropertyrights.
Policymakersdevisingstrategicapproachesfortheuseofbio-
technologyinagricultureneedtodeterminewhatresourcesare
requiredwithinthecontextofn ationalcapabilities.In1998the
InternationalServiceforNationalAgriculturalResearch
(ISNAR)conductedsurveysofbiotechnologicalresearchinna-
tionalagriculturalresearchsystemsinMexico,Kenya,
Indonesia,andZimbabwe.Thestudyincludedinformationon
relevantprogramsorinstitutions;human,physical,andfinancial
resources;andthetypesofbiotechnologyresearchundertaken.
Thedatacoveredtheperiodfromthemidtolate1980stothemid
tolate1990sforthe34publicandprivateorganizationssurveyed.
Thesurveyshowsthatadvancedresearchtechniquesa re
beingusedonlyinafewpublic-sectororganizations.Mostorga-
nizationsremainintheearlystagesofdevelopingthecapacity
forbiotechnologyresearch.Themajorityofagriculturalbiotech-
nologyresearchfocusesoncrops;onlyasmallamountfocuses
onlivestock.Althoughexpendituresonbiotechnologyresearch
grewannuallyinallfourcountries,thepercentageofbiotechnol-
ogyexpendituresintotalagriculturalresearchexpendituresre-
mainssmall.Thenumberofresearchersgrewfasterthanexpen-
ditures,resultingina7percentannualdecreaseinexpenditures
p erresearcher(inthreecountries).Thepublicsectoraccountson
averagefor92percentoftotalexpendituresonbiotechnologyin
thefourcountries.Againstthisbackgroundoflimitedcapacity
andfinancialresourcesforbiotechnologyresearch,itbecomes
evenmoreimportanttostimulateinformeddecisionmakingre-
gardingfutureinvestments.
Specialeffortshavetobemadetoassistindividualswhomanage
researchprogramsorinstitutionsinwhichagriculturalbiotech-
nologyisbecomingincreasinglyimportant.Specializedcourses
havebeendevelopedtoenhancethemanag erialcapacityandcom-
petencyofdirectorsandmanagersinpublicresearchorganiza-
tions,withanemphasisonbuildingastrategy,settingpriorities,
managingbiosafetyandintellectualproperty,copingwithfunding
issues,ensuringproductdelivery,andaccessinginformationto
assistdecisionmaking.Someoftheseissuesarediscussedbelow.
Governmentsdecidingwhetherornottoinvestinagricultural
biotechnologyneedtodeterminewherethemostpressingneeds
andprioritieslieandifbiotechnologycanmeetthoseneedsand
fitthosepriorities.Thekeystepistoident ifytheconstraintsin
agriculturethatconventionalresearchhasnotbeenabletoover-
comeandtherecentscientificdiscoveriesthatoffernewways
outoftheconstraints.Anumberofotherissuesalsorequirespe-
cialattention:(1)makingsurethatnationalcapacitycanassess
theavailableinformationonnewdevelopmentsinbiotechnol-
ogy,theperformanceofbiotechnologyproductsinothercoun-
tries,andthepotentialapplicationofnewdevelopmentstona-
tionalpriorities;(2)ascertainingthecostofresearchanddevel-
opment(R&D)andtheinfrastructurerequired;(3) ensuringthat
regulationsareinplaceforassessingtherisksnewproductsmay
posetohumanhealthandtheenvironment;(4)managingintel-
lectualpropertyrights;and(5)creatingthedeliverysystemsthat
willgetnewproductstofarmersandconsumers.
Prioritiesultimatelyneedtobesetbyincorporatingthe
perspectivesofeconomists,policymakers,scientists,andend
users.ISNARhasappliedthismultidisciplinaryapproachto
determineprioritiesfortheChileanNationalProgramon
AgriculturalandForestryBiotechnology.
Someformofintellectualpropertyrightsprote ctsmostbiotech-
nologyprocessesandproducts,manyofwhichareownedby
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POLICYANDMANAGEMENTISSUES
DefiningaClearResearchAgenda
ManagingProprietaryTechnologyandIntellectualProperty
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OELOHENESARALCONIANDOHNOMEN JI.C,CF,JKprivate-sectorcompanies.Public,national,andinterna-
tionalagriculturalresearchorganizationsworkinginandwith
developingcountriesalsodevelopanduseprotectedmaterials.
Thelegalandmanagementimplicationsofusingproprietary
biotechnologiesanddisseminatingproductsresultingfromthem
arecomplex.
ISNARhasconductedsurveystodeterminetheextentto
whichproprietaryresearchinputsareusedatseveninternational
agriculturalresearchcentersandinnationalagriculturalresearch
organizationsinfiveLatinAmericancountries.Thesurveys
showth atproprietarytechnologiesandmaterialsthatarepro-
tectedthroughintellectualpropertyrightshavemadeimportant
contributionstotheresearchprogramsoftheinstitutesinvolved.
Theincreasinguseofproprietarymaterialsalsomeansgreater
relianceonlicenses,materialtransferagreements,andotherle-
galagreements.Bothnationalandinternationalpublicresearch
institutesthereforerequiresuitableinstitutionalandlegalframe-
worksformanagingintellectualproperty.Withsuchlegalexper-
tise,researchorganizationscanprotectinventionswhennece s-
saryandusethemtonegotiateaccesstoanduseofproprietary
technologiesownedbyothers.
Effectivebiosafetysystemsfosterthesafeuseofbiotechnology.
Thefourmajorelementsofeffectivebiosafetysystemsare(1)
writtenguidelinesthatclearlydefinethestructureofthesystem,
therolesandresponsibilitiesofthoseinvolved,andthereview
process;(2)theregulatoryauthoritiesthemselves,whoshould
compriseanin-countrycadreofwell-trainedindividuals,confi-
dentabouttheirdecisionmakingabilityandaboutthesupportof
theirinstitutions;(3)aninforma tionsystemthatenablesthe
biosafetyevaluationprocesstobebasedonup-to-dateandrele-
vantscientificinformationandtheconcernsofthecommunity;
and(4)feedbackmechanismsforincorporatingnewinformation
andrevisingtheregulatorysystemasneeded.Thisfour-pronged
approachstressesthedynamic,flexiblenatureofbiosafetysys-
temsandtheneedtobuildcapacityandcompetenceamongthose
responsiblefortheirmanagement.
Researchinagriculturalbiotechnologyhastobeconductedover
thelongtermandwithoutinterruption.Uncertainfunding,there-
fore,can severelydisrupttheresearchprocess.Reasonsreported
forfundingconstraintsinclude(1)implementationoffiscalaus-
teritypolicies,(2)lackofunderstandingofbiotechnology
amongdecisionmakers,(3)insufficientresearchimpact,(4)de-
pendenceonfundsfromasinglesource,particularlygovernment
ordonors,and(5)lackofpoliticalandfinancialsupportfrom
agribusinessandfromfarmersandtheirorganizations.
Politicalsupportcanbebuiltforpublic-sectorfundingby
documentingandpublicizingresearchimpacts,developing
strongandarticulateclientorg anizationsthathavepoliticalin-
fluence,buildingcloserrelationsbetweenbiotechnologyleaders
andpolicymakers,andbroadeningthefundingbasetoinclude
environmentandcommercedepartments.Strategicalliances
betweenpublic-andprivate-sectorentitiescanalsoexpandthe
financialresourcesforagriculturalbiotechnologyresearch.The
developmentorpromotionofinstitutionalmechanismssuchas
competitionforfunds,jointventures,collaborativeresearch,
researchlevies,andcontractresearchcanfacilitatepublic-
privatesectorinteraction.
Decisio nsaboutthegenerationofproductsandtheirdeliveryto
usersmustbeconsideredatanearlystageofaresearchprogram.
ThesedecisionsneedparticularattentioninR&Dprogramsin-
volvingbiotechnology,becauseproductdiffusionisaffectedby
factorssuchasthecostsoflarge-scaleproduction,biosafetyeval-
uationandriskassessment,andpublicacceptanceofthefinal
product.Collaborationorjointventuresbetweentheprivatesec-
torandpublicinstitutesoruniversitiesisessentialforsuccessful
productdelivery.Insomecases,specializednationalorinterna-
tio nalorganizationshavefacilitatedtechnologytransfersfrom
thepublictotheprivatesectorthathaveledtothediffusionof
newproducts.Anumberofproductscanalsobeexpectedfrom
severaljointinternationalinitiativesnowattheR&Dstage.The
relationshipbetweenthepublicandprivatesectorsinproduct
developmentanddeliveryshouldbestrengthened,specifically
intheareasofproductpriceregulationandregistration;onfarm
demonstrations,pilotproductionfacilities,andscienceparksfor
start-upcompanies;andprocurementanddistributionofplant-
ingmate rial.
Theapplicationofbiotechnologytofoodandagriculturere-
quiresthatpotentialbenefitsandriskstosocietybemadeclear.
Developingcountriesurgentlyneedtoacquirefurthermanage-
rial,analytical,andtechnicalstrengthsinordertobuildastrong
nationalcapacityforunderstandingandanalyzingtheseissues.
Publicinstitutionsplayanessentialroleinformulatingthe
agendaandprioritiesfortheuseofbiotechnology.Theyshould
alsoensureenvironmentalsafety,contributetopublicaware-
ness,andcollaboratewiththeprivatesectoronproductdevelop-
me ntanddiffusion.Consequently,theneedforthepublicand
privatesectorstoshareinformationdoesnotdiminish;rather,its
urgencyincreases.Therelationofnewproductstocurrentfarm-
ingpracticesandtheagroecosystemsthatsustainthemisanim-
portantareaforfurtherresearch.
Itisthroughsuchworkthatnationalinvestmentsinresearch
andhumanresourcedevelopmentwillcontributemeaningfullyto
theagriculturalneedsofdevelopingcountriesoverthecoming
decades.
EnsuringEnvironmentalResponsibility
AssessingFundingImplications
EnsuringProductDelivery
WHATCOMESNEXT?
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odernbiotechnologycanenhanceagriculturalproductiv-
ityindevelopingcountriesinawaythatfurtherreduces
poverty,improvesfoodsecurityandnutrition,andpromotes
sustainableuseofnaturalresources.Butsuchbenefitsfrom
biotechnologyrequirepolicyactiononanumberoffronts.The
smallfarmerindevelopingcountriesfacesavarietyofproblems
andconstraints.Croplossesduetoinsects,diseases,weeds,and
droughtthreatenincomeandfoodavailability.Acidsoils,low
soilfertilityandlackofaccesstoreasonablypricedplant
nutrients,andotherbioticandab ioticfactorsalsocontributeto
lowyields.Poorinfrastructureanddysfunctionalmarketsfor
inputsandoutputs,alongwithlackofaccesstocreditand
technicalassistance,addtotheproblemsplaguingthesmall
farmer.Solutionstotheseproblemswillbenefitbothfarmersand
consumers.Althoughmodernbiotechnologycannotsolveall
theseproblems,itcanprovideacriticalcomponenttothe
solutionifitisguidedbyappropriatepolicies.Foursetsof
policiesareparticularlyimportant.Eachoftheseisbriefly
discussedbelow.
Policiesmustexpandandguideresearchandtech nologydevelop-
menttosolvetheproblemsofparticularimportancetothepoor.
Theseproblemsincludedietswithinadequatelevelsofenergy,
protein,andmicronutrients,andcroplossesduetobioticand
abioticfactors.Researchshouldfocusonthecropsofparticular
importancetosmallfarmersandpoorconsumersindeveloping
countries.Bananas,cassava,yams,sweetpotatoes,rice,maize,
wheat,andmillet,alongwithlivestockproducts,featuremost
prominentlyinthedietsandproductionactivitiesofthepoor.
Exceptforlimitedworkonrice,bananas,andcassava,little
b iotechnologyresearchcurrentlyfocusesonhelpingthesmall
farmerandpoorconsumersolvetheirproductivityandnutrition
problems.Thepredictionsooftenheardthatthepoorindevelop-
ingcountriesareunlikelytobenefitfrommodernagricultural
biotechnologyintheforeseeablefuturecouldwellcometrue—not
becausethetechnologyhaslittletoofferbutbecauseitwillnotbe
givenachance.
Therearethreewaystoexpandbiotechnologyresearchforthe
benefitofthepoor.First,allocateadditionalpublicresourcesto
agriculturalresearch,includingbiotechnologyrese arch,that
promiseslargesocialbenefits.Existingnationalandinterna-
tionalagriculturalresearchsystemshavetobestrengthenedor
newonesbuilt.Low-incomedevelopingcountriescurrently
investlessthan0.5percentofthevalueofagriculturalproduc-
tioninagriculturalresearch,comparedtoabout2percentin
developedcountries.Underinvestmentiswidespreaddespite
highannualeconomicratesofreturnfrominvestmentsin
agriculturalresearch.Arecentassessmentofmorethan1,000
researchprojectsandprogramsfoundanaverageannualrateof
returnof88percen t.Investmentsbytheprivatesectorarelimited
toresearchthatpermitsalargeenoughprofitfromthereturns.
Nonetheless,privatelyfundedresearchcanstillgeneratelarge
benefitstofarmersandconsumers,asillustratedbyarecent
studyofthedistributionofbenefitsfromtheuseofgenetically
modified(GM)soybeansintheUnitedStates.Theprivatepatent
holdersandprivateseedcompaniescapturedone-thirdofthe
totaleconomicbenefits,farmersandconsumersgainedtwo-
thirds.Whileprivate-sectoragriculturalresearchhasincreased
rapidlyintheindustrializedc ountriesduringthelast10to15
years,itcurrentlyaccountsforasmallshareofagricultural
researchinmostdevelopingcountries.
Second,expandprivate-sectorresearchforthepoorbyconvert-
ingsomeofthesocialbenefitsofresearchtoprivatebenefitsfor
theprivatesector.Thepublicsectorcanenticetheprivatesector
todeveloptechnologiesforthepoorbyofferingupfronttobuy
theexclusiverightstonewlydevelopedtechnologyandmakeit
availableeitherforfreeorforanominalchargetosmallfarmers.
Theamountoftheoffercouldbedeterminedonthebasisof
expected socialbenefits,usinganannualrateofreturnnormally
expectedfromagriculturalresearch,forexample,60–80percent.
Theriskoffailingtodevelopthespecifiedtechnologywouldrest
withtheresearchagency,justasitdoeswhentechnologyis
developedforthemarket.Thepublicsectorofferwouldcome
duetotheresearchagencythatfirstdevelopsthetechnology,but
onlywhenthetechnologyisdeveloped,tested,andmade
available.Bothprivate-andpublic-sectoragenciescould
participateinthisresearch.Opportunitiesforcollaboration
betweenmultinationallifescien cecompaniesandpublic-sector
agriculturalresearchagenciesinbothdevelopinganddeveloped
countriesmightincreasetheprobabilityofsuccess.With
necessaryrefinements,thearrangementproposedhereshouldbe
ofinteresttointernationaldevelopmentassistanceagencies.
ThisproposalbuildsonasimilarideathatJeffreySachsof
HarvardUniversityproposedfordevelopingvaccinesfor
tropicaldiseases.
POLICIESTOGUIDERESEARCHFORTHEPOOR
AllocateAdditionalPublicResourcestoAgricultural
Research
ConvertSomeSocialBenefitstoPrivateBenefits
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Thethirdwaytoexpandbiotechnologyresearchtohelpthepoor
istoprotecttheintellectualpropertyrightsofaprivateresearch
agencythatdevelopsaparticulartechnology,forexample,seed
withinfertileoffspring,orthatcontractsdirectlywiththefarmer,
inbothcasesforcingthefarmertobuynewseedeveryseason.
Thiswouldmakeiteasierfortheprivatesectortorecuperatethe
incomesneededtojustifytheresearch.Butseedswithinfertile
offspringmaybeinappropriateforsmallfarmersindeveloping
countriesbecausetheyposelargeriskstofoodsecurity.Existing
in frastructureandproductionprocessesmaynotbeabletokeep
fertileandinfertileseedsapart.Smallfarmerscouldfacesevere
consequencesiftheyplantedinfertileseedsbymistake.
Monitoringandenforcingcontractsthatprohibitlargenumbers
ofsmallfarmersfromusingthecropstheyproduceasseed
wouldbeexpensiveanddifficulttodo.
GMfoodsarenotintrinsicallygoodorbadforhumanhealth.
Theirhealtheffectdependsontheirspecificcontent.GMfoods
withahighercontentofdigestibleironarelikelytobenefit
consumerswithirondeficiencies.Butthetransferofgene sfrom
onespeciestoanothermayalsotransfercharacteristicsthat
causeallergicreactions.Thus,GMfoodsneedtobetestedfor
allergytransfersbeforetheyarecommercialized.Itwas
preciselysuchtestingthatavoidedthecommercializationof
maizewithaBrazilnutgene.GMfoodswithpossibleallergy
risksshouldbefullylabeled.Labelingmayalsobeneededto
identifycontentforculturalandreligiousreasonsorsimply
becauseconsumerswanttoknow.Finally,labelingmaybe
requiredtoidentifytheproductionprocessitselfwhenthat,
ratherthananyspecifichealthrisk,i nterestsconsumers.
Failuretoremoveantibiotic-resistantmarkergenesusedin
researchbeforeaGMfoodiscommercializedpresentsa
potentialalthoughunprovenhealthrisk.Recentlegislationinthe
EuropeanUnionrequiresthatsuchmarkergenesberemoved
beforeaGMfoodisdeemedsafeforconsumers.Risksand
opportunitiesassociatedwithGMfoodsshouldbeintegrated
intothegeneralfoodsafetyregulationsofacountry.
Effectivenationalbiosafetyregulationsshouldbeinplacebefore
modernbiotechnologyisintroducedintoacountry’sagriculture.
Suchregulationssho uldbecountry-specificandreflectrelevant
riskfactors.Theecologicalriskspolicymakersneedtoassess
includethespreadoftraitssuchasherbicideresistancefrom
geneticallymodifiedplantstoplants(includingweeds)thatare
notmodified,andthebuild-upofresistanceininsectpopula-
tions.Seedsthatproduceinfertileoffspringmaybeaneffective
solutiontotheriskassociatedwithcrosspollinationbut,as
mentionedearlier,theymaybeinappropriateforsmallfarmers.
Theapproachusedtodevelopterminatorseeds,however,offers
greatpromiseforthedevelopme ntofaseedthatwillavoidthe
spreadofnewtraitsthroughcross-pollination.Theseedwould
containthedesiredtraits,suchaspestresistanceordrought
tolerance,buteachtraitwouldbeactivatedonlyaftertreatment
withaparticularchemical.Withouttreatment,theseedwould
maintainitsnormalcharacteristics.Thus,ifafarmerplantedan
improvedseed,theoffspringwouldnotbesterile;ratherthey
wouldrevertbacktobeingnormalseeds(beforeimprovedtraits
wereintroduced).Thefarmerwouldthenhavethechoiceof
plantingthenormalseedorbringingbacktheimprovedt raitsby
applyingaparticularchemical.Contrarytotheterminatorgene,
thisapproachcomplieswiththeprincipleofdoingnoharm.
Bothfoodsafetyandbiosafetyregulationsshouldreflect
internationalagreementsandasociety’sacceptablerisklevels,
includingtherisksassociatedwithnotusingmodernbiotechnol-
ogytoachievedesiredgoals.Thepoorshouldbeincluded
directlyinthedebateanddecisionmakingabouttheirdesirefor
technologicalchange,therisksofthatchange,andtheconse-
quencesofnooralternativekindsofchange.
Recentmergersandacquisitionsha veresultedinincreasing
concentrationamongcompaniesengagedinbiotechnology
research.Theoutcomeofthisgrowingconcentrationmaybe
reducedcompetition,monopolyoroligopolyprofits,exploita-
tionofsmallfarmersandconsumers,andsuccessfuleffortsto
gainspecialfavorsfromgovernments.Effectiveantitrust
legislationandinstitutionstoenforcethelegislationareneeded,
particularlyinsmalldevelopingcountrieswhereoneoronlya
fewseeddistributioncompaniesoperate.Effectivelegislationis
alsorequiredtoenforceintellectualpropertyrights,in cluding
thoseoffarmerstogermplasm,alongthelinesagreedtowithin
theframeworksoftheWorldTradeOrganizationandthe
ConventiononBiologicalDiversity.
Modernbiotechnologyresearchmayhelpreducepoverty,
improvefoodsecurityandnutrition,andmaketheuseofnatural
resourcesmoresustainable,onlyifitfocusesontheproblems
andopportunitiespoorpeopleindevelopingcountriesfaceand
onlyifappropriatepoliciesaccompanyit.Modernbiotechnol-
ogyisnotasilverbullet,butitmaybeapowerfultoolinthefight
againstpovertyandshouldbemadeavailabletopoor farmers
andconsumers.
POLICIESTOPROTECTAGAINSTHEALTHRISKS
POLICIESTOADDRESSECOLOGICALRISKS
POLICIESTOREGULATETHEPRIVATESECTOR
CONCLUSIONS
Forfurtherinformation,seePerPinstrup-Andersen,Rajul
Pandya-Lorch,andMarkW.Rosegrant,
,2020FoodPolicyReport
(Washington,D.C.:IFPRI,1999);PerPinstrup-Andersen,
“ModernBiotechnologyandSmallFarmersinDeveloping
Countries,”(IFPRInewsletter),vol.21,no.2,
1999;andNuffieldCouncilonBioethics,
(London:NuffieldCouncilon
Bioethics,1999).
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GeneticallyModified
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iththeupsurgeofmediainterestinbiotechnologyand
publicconcernaboutthereleaseofgeneticallymodified
organisms(GMOs)intotheenvironmentandtheiruseinfood,
manyaministerisseekinginformationfromhisorheradvisers
abouttheissuesinvolved,abouttheroleandresponsibilitiesof
government,andaboutthecontributiongovernmentshould
maketoabalanceddebateontheproblems,opportunities,and
challengesarisingfrommodernbiotechnology.
Theresponseofagovernmentwillbeinfluencedbya
country'ssize,wealth,location,andculture;bysocietalviewson
t heuseofscienceandtechnology;andbythesizeandthestrength
ofthescience,technology,andbusinesssectorsinacountry.It
willalsobeinfluencedbytheimportanceoffoodandagriculture
intheeconomy,bytheextenttowhichacountryexportsor
importsagriculturalcommodities;andbytheseriousnessofits
problemsinfoodinsecurity,poverty,andpopulationgrowth.
Althoughtheadvicetoministerswillvaryfromcountryto
country,andpossiblyevenfromministrytoministrywithina
government,manyissuesaresimilarforallcountries.Forthe
issuesthatcutacrossbothcou ntriesandgovernments,a
hypotheticalgroupofadvisersmayrespondtotheministerinthe
followingway:
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ABRIELLEERSLEY GJ.P
DearMinister,
Re:
Youhavesoughtouradviceaboutwhetherourcountrystandstobenefitfromthenewdevelopmentsinbiotechnology,wh atthe
risksare,andhowweshouldrespondtoconcernsexpressedbyadvocacygroupsandthepublicabouttheuseofthesenewt echnologies.
Modernbiotechnologystemsfromthenewdevelopmentsinthescienceofgeneticsduringthepast30yearsthathavegiv enusa
fargreaterunderstandingofthegeneticbasisofalllife.Thesedevelopmentsenableustoidentify,isolate,trans fer,andusethe
specificgenesthatcontrolindividualtraitsinanorganism. Inagriculture,thisimprovedabilitytomodifyandcontrolthegenetic
endowmentofcrops,trees,animals,fish,andmicrobescontinuesthepracticeofgeneticimprovementfarmershavec arriedoutover
thecenturiesbycrossingandselectingbetterplantsandanimals.Thistraditionalpracticeofimprovementwasfor malizedasthe
scienceofgeneticsintheearlypartofthiscentury,afteranAustrianmonk,GregorMendel,postulatedasetofrules toexplainthe
inheritanceofbiologicalcharacteristicsinalllivingorganisms.Thesubsequentcontinuumofdiscoveriesabout thegen eticfounda-
tionsoflife(afieldofknowledgesometimesreferredtoasbiosciencesorlifesciences)formsthebasisofmodernbi otechnology,
whichencompassesnewgenetechnologies.Thebiotechnologyindustrydevelopedinthe1980s,asaresultofpowerful new
discoveriesinbiologyandthepatentsandotherformsofintellectualpropertyrightsgiventoinventorstoprotect theirdiscoveries.
Thegrantingofintellectualpropertyrightsledtoanexplosionofprivateinvestmentinthebiosciencesinthelast 20years.
Thevalueoftheglobalmarketforbiotechnology-basedproduc tsin1998cametoapproximatelyUS$13billion.About80new
productsarereadyoralmostreadyformarket.Thegreatestnumberofmodernbiotechnologyapplicationsappearinhe althcare,
wheretheyoffernewhopetopatientswithAIDS,geneticallyinheriteddiseases,diabetes,influenza,andsomeform sofcancer.New
biotechnology-basedprocessesarenowusedroutinelyintheproductionofmostnewmedicines,manydiagnostictool s,andnew
medicaltherapies.Inagriculture,newtransgenicvarietiesofsome40differentcropsweregrownon28millionhect aresworldwide
in1998,main lyinArgentina,Australia,Canada,China,France,Mexico,SouthAfrica,Spain,andtheUnitedStates.Fifteenperc ent
ofthisareawasindevelopingcountries.
Almostallthebiotechnology-basedproductscurrentlyonthemarkethavebeendevelopedforsaleinindustrialcoun tries,as
thesearethemarketsthatwillgeneratethereturnsonthesubstantialR&Dinvestmentsonwhichtheindustryisbased .Asmall
numberofgloballifesciencecompanies,someventurecapitalists,andmanysmallbiotechnologycompanies,mostly intheUnited
StatesandEurope,areflourishinginbiotechn ology-basedbusinesses.Thecommercialbiotechnologysectorhasshownonlylimited
interestinapplyingmodernbiotechnologytotheproblemsoffoodsecurityandpovertyindevelopingcountriesbeca use,under
presentarrangements,commercialfirmswouldfindithardtorecouptheirinvestments.
Itisthereforetheresponsibilityofgovernmentstoensurethatdevelopingcountriesbenefitfromthejudiciousan dsafeuseof
modernbiotechnology.Weneedtoassessthepotentialbenefitsandrisksofthenewtechnologiesandpositionoursel vestousethe
newdiscoveriesfromhomeand abroadtoreducefoodinsecurityandpoverty.Wemustmobilizetheexpertiseandresourcesofboth
SafeUseofBiotechnology
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thepublicandprivatesectorsnationallyandinternationallytoaddressthespecificproblemsthatdamagehumanhe alth,constrain
agriculturalproductivity,andthreatentheenvironment.Thisstrategyofusingmodernbiotechnologyasacompone ntofouroverall
policytofostersustainableeconomicdevelopmentandimprovethelivelihoodsandwell-beingofthepoorwillrequi regood
governanceandpoliticalskillsandleadershipofahighorder.Itwillalsorequiresomenewpoliciesandactionsbyg overnment.
Theseareoutlinedbelow:
1.:Takeagovernment-wideapproachtopolic ydevelopmentinbiotechnologysothatwe
areconsistentinourprinciplesandpractices.Thiswillenableustomaximizetheadvantagesfromapplicationsofm odern
biotechnologyandminimizeanyriskstohumanhealth,theenvironment,andtheeconomy.Risksmaystemeitherfromth e
technologyitself,therebycreatingafoodsafetyissue,orfromoutsideofit,therebyaggravatingthegapbetweenr ichandpoor
orreducingbiodiversitybecauseofthewaythetechnologyisapplied.Attheinternationallevel,consistencywill helpus
developcoherentnegotiatingpositionsandmeetinter nationalobligationstotheinternationaltreatieswehavesignedsuchasthe
ConventiononBiologicalDiversityandthatoftheWorldTradeOrganization(WTO).
2.:DefineclearlythedesiredoutcomesfrompublicinvestmentsinR&D,including
thoseinbiotechnology;identifytheprioritiestobeaddressed;andensurethattheseprioritiesareconsistentwi ththegovern-
ment’seffortstoimprovethelivelihoodsofourpeople.Indeterminingprioritiesandassessingtherelativerisks andbenefitsof
usingvarioustechnologies,weshouldconsultwithallstakeholders,includingt heurbanandruralpoor,whoareoftenover-
lookedwhileothersdecidewhatisbestforthem.
3.:Buildanefficientandtransparentregulatorysystemforbiotechnology-basedproductsthat
meetsinternationalstandardsandenjoysahighdegreeofpublicconfidence.Ensurethatithasthenecessarypublic fundingand
skilledpersonneltodoitsjob.Itsresponsibilitiesaretwofold:(a)toassessanyrisksassociatedwiththereleas eofnewproducts
developedeitherin-countryorabroad,and(b)toprovideaccurateinformationtothepublicabouttherisksandbene fitsof
modernbiotech nology.Suitableproductlabeling(forexample,withinformationaboutpotentialallergens)willenableconsum-
erstomakeinformedchoices.
4.:Enactlegislationasnecessarytoestablishanintellectualpropertyregimeconsistentwithour
legalobligationsundertheWTO.Thiswillensurethatourfarmersandentrepreneursbenefitfromlocalinventionsa ndwill
encouragetheintroduction,evaluation,anduseofoverseasinventionsasappropriate.
5.:Elicitgreaterinvestmentbylocalandoverseasinvestorsinbiotechnology-based
industriesthroughafairtaxregimeandot herfinancialincentives.
6.:IncreasepublicfinancialsupportforagriculturalR&D,includingtheuseofmodern
biotechnology,atthenational,regional,andinternationallevels.Additionalsupportwillhelpdeveloppublicg oodsthatthepoor
haveaccesstoandcanafford.DespiteagriculturalR&D'sdemonstratedhighratesofreturn,mostdevelopingcountr iesand
developmentagenciesunderinvestinit.
7.:Improveeducationinscienceandtechnologyatalllevels,sothatthecountrywillhave
ahighlyskilledworkforceandinformedpublicdebateabouttherelativemeritsofv arioustechnologies,includingbiotechnology.
8.:Supportthedevelopmentandmaintenanceoftheinfrastructurenecessarybothto
encourageinvestmentinbiotechnology-basedindustriesandtoensurethatproductsaredeliveredtothosewhoneed them.The
infrastructurerequiredincludesroadsandsystemsfortelecommunications,power,water,andinternationalaira ndseatransport.
9.:Analyzedevelopmentsintechnologyin
thisrapidlymovingfieldonaregularbasis.Weshouldassessthepotentialofcurrentlyavailabletechnologiesand keepabreast
ofnewdevelopmentsov erseassothatwecanmobilizethebestavailabletechnologytosolveourspecificproblems.Ifwe
mobilizenewscientificdevelopmentscreatively,inconsultationwiththevarioussectorsofoursociety,andwith thehelpof
internationalcollaborationasappropriate,wecanimprovethelivelihoodsofthosewhosufferfromfoodinsecurit yandpoverty
inthiscountry.
Inthenextmillenniumregions,countries,companies,consumers,farmers,investors,andentrepreneursofallkin dswillfinda
waytobenefitfromthepowerfulnewdevelopmentsinmodernbiotechnologyandtomanageth erisksinherentinorassociatedwith
them.Wemustbeamongtheseinnovatorsandusers,otherwiseimmenseopportunitieswillpassusby.
Respectfully,
ProposedPoliciesandActions
Conclusion
Developcoherentandconsistentpolicies
Establishdesiredprioritiesandoutcomes
Ensurethesafeuseofbiotechnology
Manageintellectualproperty
Encourageprivate-sectorinvestment
IncreasesupportforpublicsectorR&D
Supporteducationandpublicawareness
Establishandmaintaininfrastructure
Monitoroverseastechnologydevelopmentsandencourageinternationalcollaboration
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